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FIG. 1A

249shRINA plsmid Sequence:
caccgcagaaiaaggetagacaaagcgaacttigw:agccﬁaﬁctﬂc (SEQ ID NO: 11)
aaaagcagaaiaaggetagacaaagticgettigictagectatictge  (SEQ ID NO: 12)

N,

Functional siRNA; gcagaauanaggomgacaaag  (SEQ ID NO: 9)
aagacguroAmnCegaucugunic  (SEQ ID NO: 64)

FIG. 1B

Bl Estimated secondary structure of RGM249 shRNA

5~ GCAGAAUAAGGCUAGACAAAG U U

3. GUGGCGUCUUAUUCCGAUCUGUUUC o C

(SEQ ID NO: 10)

M Estimated secondary structure of RGM249m~1 shRNA

5. GCAGAAUAAGGCU-GACAAAG Y U

3’- GUGGCGUCUUAUUCCGAUCUGUUUG G G

(SEQ ID NO: 15)
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FIG. 1C
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FIG. 1D
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FIG. 2A
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FIG. 3A
0
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FIG. 3B

M Estimated secondary structure of miR-47 siRNA

5'- GUCACCCGGUGAUGAGAGUUUGA
3'- GAGUGGGGC——-AGUCUCAAACUAA -5’

H
@

(SEQ ID NO: 4)

(SEQID NO: 1)

(4)]

M Estimated secondary structure of miR~101 siRNA

5'- AACAUGACCAAAGCCCAUGUGUU
3’- UUGUACUGGUUUCGG-UACAC -5’ (SEQIDNO:2)

(SEQ ID NO: 19)

1]
«@

B Estimated secondary structure of miR-197 siRNA

5'- GUACUUCACGAGGAUGUGUU -3’ (SEQ ID NO: 20)
3'- GAUGAAGUGCUGGUACAC -5’ (SEQID NO: 3)
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FIG. 3C

M Comparison between the sequences of miR-47 and
miR-47 siRNA (antisense strand)

&'~ CUCACCCGGUGAUGAGAGUUUGAUU -3 (sto o wo: 1o
3'- GAGUGGGCC——-ACUCUCAAACUAA -5 (seamnosn

W Comparison between the sequences of miR~101 and
miR—-101 siRNA (antisense strand)

5'- AACAUGACCAAAGCCAUGUG -3’ (SEQIDNO: 17)
3'- UUGUACUGGUUUCGGUACAC -5’ (SEQID NO: 2)

M Comparison between the sequences of miR~197 and
miR~197 siRNA (antisense strand)

5'- GUACUUCACGAGGAUGUG -3’ (SEQID NO: 18)
3'- CAUGAAGUGCUCCUACAC -5’ (SEQID NO: 3)

# Each upper strand indicates miR—, and each lower strand indicates siRNA
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FIG. 3D
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FIG. 5A
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FIG. 6C

Anti-Oct4 Ab Anti-NANOG Ab
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FIG. 6D
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FIG. 6E
Rhodamine-anti-NANOG (X 40)
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FIG. 6F

(%200)
o

Rhodamine-anti-NANOG

Rhodamine-anti-Oct4



US 9,476,041 B2

Sheet 17 of 45

Oct. 25, 2016

U.S. Patent

FIG. 7A

20000 7

1000 -

35000




US 9,476,041 B2

Sheet 18 of 45

Oct. 25, 2016

U.S. Patent

FIG. 7B

1.0
<0.1

(o] o1 - o [—}
LAt6T Pue HSJIy

0] O1jB.I JANE[Y



U.S. Patent Oct. 25, 2016 Sheet 19 of 45

FIG. 8A
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FIG. 8B

Immunostaining of iPS~like cell: strongly positive to Oct4

unstained __Oct4 merged

FIG. 8C

iPS-lke cell was GFP—positive and was strongly positive to NANOG
confirmed by NANOG immunostaining

GFP NANOG

NANOG
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FIG. 9B

Western blot
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FIG. 9C
miRNA expression (compared with hiPSC)
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FIG. 9D
mir-520d expression
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FIG. 11A

Morphology and change into a pluripotency marker—positive cell
after introduction

520d-HLF GFP expression

NANOG expression
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FIG. 11B
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FIG. 11C

Migration assay
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FIG. 12A

It is shown that a hetero cell population containing apoptotic cells
has been converted into a cell population with orderly orientation of proliferation
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FIG. 14B
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FIG. 14D
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FIG. 14E
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FIG. 15
Immunohistochemical analysis of liver tissue generated from 520d-HLF cells in Xerograft model

(a) Anti-hAlb antibody

(2) Human albumin expressed strongly in hepatocytes
of the liver tissue generated from 520d-HLF cells in
xerograft model. (b-c) Human AFP or GFAP weakly .
expressed in cytoplasm of hepatocyte and stellate cells.
Cytoplasmic signals were specific in human protein
expression because crossreaction in perivascular lesions
could be observed.

(b) Anti-hAFP antibody

(c) Anti-hGFAP antibody
Em
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FIG. 16

Differentiation induction to osteoblasts
from 520d-HLF cells

Osteoblastic differentiation form 520d-HLF cells was induced
(a) morphologically and (b) transcriptionally.
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FIG. 17

(a) Unstained GFP expression Oct4 expression

(b) 14
=3 ° -
% 8¢ 1. Oct4 10. DNMT1
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cg DR 6. PROM1 15. AFP
sg 7. CD44 16 Alb _
T 24 8 AID 17 mu-320d
;‘;g} 1 i I 9. HDAC

0 .

9 10 11 312 13 14 13 16 17
(a) Induction of pluripotency by mir- 520d in well-differentiated hepatoma cell line (Huh7). After total 1500,000
copies of viral transfer within 12 days, colonies consisted of small round cells emerged (left). Both GFP (middle)
and Oct4 (right) cxpression were confirmed by same method as immunocytochemistry performed in HLF.

(b) Avecrage genc cxpression was examined in Huh7 with 520d expression (n=5). Pluripotent marker genes and
P33 were upregulated. Alb, c-Myc, AID, and RGM249 were downregulated.
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FIG. 18

Migration assay
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METHOD FOR PRODUCING NOVEL HIPSC
BY MEANS OF SIRNA INTRODUCTION

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a U.S. National Stage of PCT/JP2011/
064846, filed Jun. 28, 2011, which claims priority to Japa-
nese patent application number 2010-158194, filed Jul. 12,
2010, Japanese patent application number 2010-158193,
filed Jul. 12, 2010, and Japanese patent application number
2010-158192, filed Jul. 12, 2010.

REFERENCE TO SEQUENCE LISTING

This application includes an electronic sequence listing in
a file name 428023_SEQLST.TXT, created on May 17,2016
and containing 12,850 bytes, which is hereby incorporated
by reference.

TECHNICAL FIELD

The present invention relates to a novel small RNA,
pluripotent stem cell-inducing agent, therapeutic agent for a
malignant tumor, pluripotent stem cell, or the like.

BACKGROUND ART

The field of technology for producing iPS cells, among
others, receives attention in the medical industry in recent
years. A typical technology for producing iPS cells is a
method in Patent Document 1. This document describes
introduction of four genes (Oct3/4, K14, Sox2, c-Myc) into
a cell to produce an iPS cell. Since this technology was
developed, the number of reports on iPS cell research has
rapidly increased. For example, Patent Document 2
describes introduction of three genes (Oct3/4, Klf4, Sox2)
and one miRNA (hsa-miR-372, for example) into a cell to
produce an iPS cell. Non-patent Document 1 describes that
efficiency of iPS cell production increased when the four or
three genes were introduced into a cell that was to be
converted into an iPS cell and in which its p53 gene had been
deleted. Non-Patent Document 2 describes introduction of a
pre-miRNA cluster (including miR-302a to miR-302d) to
produce an iPS cell from a cancer cell.

Meanwhile, investment by pharmaceutical companies has
been poured in the field of cancer, among others, in recent
years. Cancer adopts complicated mechanisms and is poorly
understood with fewer effective therapeutic agents available
than for other diseases, and therefore development of novel
therapeutic agents in this field is desired. The inventors of
the present invention reported use of hTERT mRNA as a
cancer biomarker in Non-patent Document 3. They also
reported in Non-patent Document 4 that hTERT mRNA
expression relates to RGM249 mRNA and an shRNA or an
siRNA corresponding to RGM249 mRNA decreases the
expression amount of hTERT mRNA.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: International Publication No. WO 2007/
069666

Patent Document 2: International Publication No. WO 2009/
075119
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Non Patent Document

Non Patent Document 1: ‘Suppression of induced pluripo-
tent stem cell generation by the p53-p21 pathway.” Hong
et al., Nature. 2009 Aug. 27; 460(7259):1132-5. Epub
2009 Aug. 9.

Non Patent Document 2: ‘Mir-302 reprograms human skin
cancer cells into a pluripotent ES-cell-like state.” Lin et
al., RNA. 2008 October; 14(10):2115-24. Epub 2008 Aug.
28.

Non Patent Document 3: A novel biomarker TERT mRNA
is applicable for early detection of hepatoma.” Miura et
al., BMC Gastroenterol. 2010 May 18; 10:46.

Non Patent Document 4: ‘A noncoding RNA gene on
chromosome 10p15.3 may function upstream of hTERT.”
Miura et al., BMC Mol. Biol. 2009 Feb. 2; 10:5.

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The related arts in these documents, however, still have
room for improvement, which are to be explained below.

Methods for producing iPS cells have been gradually
developed by these documents; however, development of
iPS cells of higher quality in higher efficiency requires novel
methods to be developed and more information on iPS cells
to be collected.

Each of these documents is reviewed below. Patent Docu-
ment 1 adopts a proto-oncogene, c-Myc, which potentially
leads to canceration of iPS cells. Patent Document 2, in
which c-Myc is not used, adopts complex steps to introduce
three genes and one miRNA into a cell and therefore is not
regarded as an efficient method. Non-patent Document 1, in
which c-Myec is not used either, adopts deletion of p53 gene,
which is a cancer suppressor gene, and therefore potentially
leads to canceration or instability of cells, or the like.
Non-Patent Document 2 adopts a cluster of miR-302, which
is reported to be an miRNA that targets at a tumor suppres-
sor, PTEN (phosphatase and tensin homolog deleted on
chromosome 10) (Poliseno et al., Sci Signal. 2010 Apr. 13;
3(117):ra29), and therefore potentially leads to canceration
of cells.

The mechanisms in malignant tumors have been gradually
revealed by these documents; however, they are not yet
known enough. To devise novel pharmaceuticals or treat-
ment strategies, novel anti-malignant-tumor substances need
to be developed and more information on malignant tumors
must be collected.

Non-patent Documents 3 and 4, which describe that
hTERT mRNA relates to canceration and that hTERT
mRNA is decreased by an shRNA or an siRNA correspond-
ing to RGM249 mRNA, reveal no substance that has a
therapeutic effect on cancer.

The present invention is devised based on the above
circumstances, and an object of the present invention is to
provide a novel compound to induce a pluripotent stem cell
or to provide an undifferentiated cell marker expression-
regulating agent. Another object is to provide a pluripotent
stem cell p53 expression-promoting agent. Another object is
to provide a novel therapeutic agent for a malignant tumor.
Another object is to provide a novel pluripotent stem cell.

Means for Solving the Problems

The present invention provides a pluripotent stem cell-
inducing agent that includes a single-stranded or double-
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stranded polynucleotide containing one or more base
sequences shown in SEQ ID NOs:1, 2, 3, 8, and 44 to 47 and
induces a cell to become a pluripotent stem cell.

The pluripotent stem cell-inducing agent includes a
single-stranded or double-stranded polynucleotide that is
verified in examples below to induce a cell to become a
pluripotent stem cell, and therefore can be used to induce a
cell to become a pluripotent stem cell.

The present invention also provides a pluripotent stem
cell-inducing agent that includes a small RNA containing
one or more base sequences shown in SEQ ID NOs:1, 2, 3,
8, and 44 to 47 and induces a cell to become a pluripotent
stem cell.

The pluripotent stem cell-inducing agent includes a small
RNA that is verified in the examples below to induce a cell
to become a pluripotent stem cell, and therefore can be used
to induce a cell to become a pluripotent stem cell.

The present invention also provides a pluripotent stem
cell-inducing agent that includes a single-stranded or
double-stranded polynucleotide containing a base sequence
complementary to an RNA strand obtained by Dicer treat-
ment of an RNA strand containing the base sequence shown
in SEQ ID NO:7 and that induces a cell to become a
pluripotent stem cell.

The pluripotent stem cell-inducing agent includes a
single-stranded or double-stranded polynucleotide that is
verified in the examples below to induce a cell to become a
pluripotent stem cell, and therefore can be used to induce a
cell to become a pluripotent stem cell.

The present invention also provides an undifferentiated
cell marker expression-regulating agent that includes a
single-stranded or double-stranded polynucleotide contain-
ing the base sequence shown in SEQ ID NO:1, 2, 3, or 8 and
regulates the expression of an undifferentiated cell marker.

The undifferentiated cell marker expression-regulating
agent includes a single-stranded or double-stranded poly-
nucleotide that is verified in the examples below to promote
or suppress an undifferentiated cell marker in a cell, and
therefore can be used to regulate the expression amount of
an undifferentiated cell marker in a cell.

The present invention also provides a pluripotent stem
cell p53 expression-promoting agent that includes a single-
stranded or double-stranded polynucleotide containing one
or more base sequences shown in SEQ ID NOs:1, 2, 3, 8, and
44 to 47 and promotes p53 expression in a pluripotent stem
cell.

The p53 expression-promoting agent includes a single-
stranded or double-stranded polynucleotide that is verified in
the examples below to promote p53 expression in a pluri-
potent stem cell, and therefore can be used to promote p53
expression in a pluripotent stem cell.

The present invention also provides a method for produc-
ing a pluripotent stem cell, in which the method includes
introducing into a cell a single-stranded or double-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:1, 2, or 3.

The method is verified in the examples below to be useful
in producing a pluripotent stem cell, and therefore can be
used to produce a pluripotent stem cell.

The present invention also provides a therapeutic agent
for a malignant tumor that includes a single-stranded or
double-stranded polynucleotide containing one or more base
sequences shown in SEQ ID NOs:1, 2, 3, 8, and 44 to 47.

The therapeutic agent for a malignant tumor includes a
single-stranded or double-stranded polynucleotide that is
verified in the examples below to suppress a malignant
tumor, and therefore can be used to treat a malignant tumor.
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The present invention also provides an siRNA that con-
tains a single-stranded or double-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:1, 2, or
3.

The siRNA contains a single-stranded or double-stranded
polynucleotide that is verified in the examples below to
induce a cell to become a pluripotent stem cell, regulate the
expression amount of an undifferentiated cell marker, pro-
mote p53 expression in a pluripotent stem cell, or suppress
a malignant tumor, and therefore can be used to induce a cell
to become a pluripotent stem cell, regulate the expression
amount of an undifferentiated cell marker, promote p53
expression in a pluripotent stem cell, or treat a malignant
tumor.

The present invention also provides a vector that harbors
a polynucleotide containing a base sequence complementary
to the base sequence shown in SEQ ID NO:1, a vector that
harbors a polynucleotide containing a base sequence
complementary to the base sequence shown in SEQ ID
NO:2, a vector that harbors a polynucleotide containing a
base sequence complementary to the base sequence shown
in SEQ ID NO:3, a vector that harbors a polynucleotide
containing a base sequence complementary to the base
sequence shown in SEQ ID NO:8, or a vector that harbors
a polynucleotide containing one or more base sequences
complementary to one or more base sequences shown in
SEQ ID NOs:44 to 47.

These vectors can be used to express a single-stranded or
double-stranded polynucleotide containing one or more base
sequences shown in SEQ ID NOs:1, 2, 3, 8, and 44 to 47,
and therefore can be used to induce a cell to become a
pluripotent stem cell, regulate the expression amount of an
undifferentiated cell marker, promote p53 expression in a
pluripotent stem cell, or treat a malignant tumor.

The present invention also provides a pluripotent stem
cell-inducing agent that includes a single-stranded or
double-stranded polynucleotide having an RNAi effect on an
RNA strand containing the base sequence shown in SEQ ID
NO:7 and that induces a cell to become a pluripotent stem
cell.

The pluripotent stem cell-inducing agent includes a
single-stranded or double-stranded polynucleotide that is
verified in the examples below to induce a cell to become a
pluripotent stem cell, and therefore can be used to induce a
cell to become a pluripotent stem cell.

The present invention also provides an shRNA that con-
tains a single-stranded or double-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:8.

The shRNA contains a single-stranded or double-stranded
polynucleotide that is verified in the examples below to
induce a cell to become a pluripotent stem cell, regulate the
expression amount of an undifferentiated cell marker, pro-
mote p53 expression in a pluripotent stem cell, or suppress
a malignant tumor, and therefore can be used to induce a cell
to become a pluripotent stem cell, regulate the expression
amount of an undifferentiated cell marker, promote p53
expression in a pluripotent stem cell, or treat a malignant
tumor.

The present invention also provides a kit for inducing a
pluripotent stem cell, for regulating the expression of an
undifferentiated cell marker, for promoting p53 expression
in a pluripotent stem cell, or for treating a malignant tumor,
in which the kit includes a polynucleotide containing one or
more base sequences shown in SEQ ID NOs:1, 2, 3, 8, and
44 to 47.

The kit facilitates use of a single-stranded or double-
stranded polynucleotide that is verified in the examples
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below to induce a cell to become a pluripotent stem cell,
regulate the expression amount of an undifferentiated cell
marker, promote p53 expression in a pluripotent stem cell,
or suppress a malignant tumor, and therefore can be used to
induce a cell to become a pluripotent stem cell, regulate the
expression amount of an undifferentiated cell marker, pro-
mote p53 expression in a pluripotent stem cell, or treat a
malignant tumor.

In the pluripotent stem cell-inducing agent, the undiffer-
entiated cell marker expression-regulating agent, the p53
expression-promoting agent, the method for producing a
pluripotent stem cell, the therapeutic agent for a malignant
tumor, the siRNA, the vector, the shRNA, and the kit, one or
more base sequences shown in SEQ ID NOs:1 to 3, 8, and
44 to 47 may include deletion, substitution, or addition of 1
to 3 bases, the base sequence shown in SEQ ID NO:4 to 6,
or 9 may include deletion, substitution, or addition of 1 to 5
bases, or the base sequence shown in SEQ ID NO:7 may
include deletion, substitution, or addition of 1 to 4 bases.

The present invention also provides a pluripotent stem
cell that is derived from a mammalian cell and in which
endogenous p53 expression is higher than in strain
HPS0002:253 G1. The pluripotent stem cell highly
expresses p53 and is therefore less prone to become can-
cerous.

Effects of the Invention

The present invention provides a novel compound to
induce a pluripotent stem cell, a novel compound to regulate
the expression of an undifferentiated cell marker, a pluripo-
tent stem cell p53 expression-promoting agent, a novel
therapeutic agent for a malignant tumor, or a novel pluri-
potent stem cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the secondary structure of RGM249.

FIG. 1B shows the secondary structure of RGM249
shRNA and RGM249m-1 shRNA.

FIG. 1C shows the results of examining change in tumor
volume after subcutaneous injection of RGM249 shRNA.

FIG. 1D shows visual observation of tumor volume after
subcutaneous injection of an RGM249 shRNA-generating
plasmid and the like.

FIG. 2A shows the results of examining suppression of the
expression of a gene that is expressed in a tumor 35 days
after subcutaneous injection of an RGM249 shRNA-gener-
ating plasmid and the like.

FIG. 2B shows the results of examining suppression of the
expression of a gene that is expressed in a tumor 28 days
after intravenous injection of an RGM249 shRNA-generat-
ing plasmid and the like.

FIG. 3A shows RGM249 mRNA and the sites correspond-
ing to three miRNAs in the interior thereof.

FIG. 3B shows the secondary structures of the three
miRNAs.

FIG. 3C shows comparison between the sequences of the
three miRNAs and the sequences of the antisense strands of
three siRNAs.

FIG. 3D shows the results of examining suppression of
cancer cell proliferation after transfection of HMV-I with the
three siRNAs.

FIG. 3E shows the results of examining the expression
levels of miR-47, miR-101, and miR-197 in RNA that is
extracted from HMV-I into which the three siRNAs have
been transfected all at once as a mixture.
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FIG. 3F shows the results of transcription-expression
profiling of a transformant obtained with a mixture of the
three siRNAs, in terms of genes related to cancer, multipo-
tency, and stemness.

FIG. 4 shows the results of examining suppression of
HMV-I cell proliferation caused by subcutaneous adminis-
tration of a mixture of the three siRNAs+DDS.

FIG. 5A shows the parts of a tumor evaluated.

FIG. 5B shows the results of evaluating the suppressive
effect of a mixture of the three siRNAs on the expression of
miR-47, miR-101, and miR-197.

FIG. 5C shows a microscopic photograph of a tumor
treated with the siRNAs.

FIG. 5D shows the results of examining the transcription
level of genes related to tumor, differentiation, and pluripo-
tency after administration of a mixture of the three siRNAs.

FIG. 6 A shows a microscopic photograph of a 293FT cell
transfected with miR-197 siRNA.

FIG. 6B shows the secondary structure of hsa-mir-520d.

FIG. 6C shows microscopic photographs resulting from
immunohistochemical observation of a 293FT cell trans-
fected with miR-197 siRNA.

FIG. 6D shows the results of immunohistochemical tests
to observe the expression amount of an undifferentiation
marker in an HT1080 cell that has undergone forced expres-
sion of hsa-mir-520d via viral vector infection.

FIG. 6E shows the results of immunohistochemical tests
to observe the expression amount of an undifferentiation
marker in a T98G cell that has undergone forced expression
of hsa-mir-520d via viral vector infection.

FIG. 6F shows the results of immunohistochemical tests
to observe the expression amount of an undifferentiation
marker in a PK-45p cell that has undergone forced expres-
sion of hsa-mir-520d via viral vector infection.

FIG. 7A shows the results of examining the transcription
amounts of various genes in an iPS cell produced with
miR-197 siRNA or hsa-mir-520.

FIG. 7B shows the results of two-step real-time RT-qPCR
(n=5) to evaluate the relation between the expression levels
of the miRNAs, miRNA-197 and hsa-mir-520d, in an hiPSC
and a 293FT cell.

FIG. 8A shows the results of microscopic evaluation of a
floating cell population emerged after introduction of has-
mir-520d virus into a 293FT cell.

FIG. 8B shows immunocytochemically confirmed con-
version of 520d-293FT into a stem cell.

FIG. 8C shows confirmed GFP-positive state and
NANOG-positive state of 520d-293FT.

FIG. 9A shows the results of RT-PCR by which the
expression amounts of p53, hTERT, and the like in a cell are
evaluated.

FIG. 9B shows the results of Western blotting by which
the expression amounts of p53, hTERT, and the like in a cell
are evaluated.

FIG. 9C shows the results of examining the expression
amounts of miRNAs in a cell.

FIG. 9D shows the results of examining the expression
amounts of miRNAs in a cell that overexpresses has-mir-
520d.

FIG. 10A shows the results of cell cycle analysis of
293FT, mock-293FT, and 520d-293FT.

FIG. 10B shows the results of comparing the expression
amounts of DNMT 1, HDAC, Sin3A, and MBD3 in 293FT,
mock-293FT, and 520d-293FT.

FIG. 11A shows the results of examining morphological
change of 520d-HLF.
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FIG. 11B shows the results of comparing the expression
amounts of various mRNAs in 520d-HLF.

FIG. 11C shows the results of examining the invasive
properties of mock-HLF and 520d-HLF.

FIG. 11D shows the results of Western blotting by which
the expression amounts of various proteins in HLF, mock-
HLF, and 520d-HLF are evaluated.

FIG. 12A shows the results of cell cycle analysis of
mock-HLF and 520d-HLF.

FIG. 12B shows the results of comparing the expression
amounts of various mRNAs in HLF, hiPSC, and 520d-HLF.

FIG. 13 shows the results of comparing the expression
amounts of DNMT 1, HDAC, Sin3A, and MBD3 in HLF,
mock-HLF, and 520d-HLF.

FIG. 14A shows photographs of tumorigenesis.

FIG. 14B shows photographs of white nodules.

FIG. 14C shows photographs of conversion into normal
liver tissue.

FIG. 14D shows photographs of adenomatous hyperpla-
sia.

FIG. 14E shows photographs of teratoma that has devel-
oped and liver tissue.

FIG. 15 shows the results of examining 520d-HLF dit-
ferentiation.

FIG. 16 shows the results of induction of osteoblastic
differentiation in 520d-HLF.

FIG. 17 shows the results of examining morphological
change and the like of Huh7 infected with has-mir-520d
virus.

FIG. 18 shows the results of examining morphological
change and the like of T98G infected with has-mir-520d
virus.

FIG. 19 shows the results of examining morphological
change and the like of PK-9 infected with has-mir-520d
virus.

FIG. 20 shows the results of examining morphological
change and the like of HT1080 infected with has-mir-520d
virus.

FIG. 21 shows the MTT assay results of HMV-1 infected
with an siRNA-producing virus.

FIG. 22 shows a fluorescence microscope photograph and
a proliferation curve of HMV-1 infected with an siRNA-
producing virus.

FIG. 23 shows the results of a colony formation assay of
HMV-1 infected with an siRNA-producing virus.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

The embodiments of the present invention will be
described in detail. An overlapping explanation of the same
content is omitted, as needed, to avoid complexity caused by
repetition.

(1) Polynucleotide Containing Base Sequence Shown in
SEQ ID NO:1

One embodiment of the present invention is a single-
stranded or multi-stranded polynucleotide containing the
base sequence shown in SEQ ID NO:1. The single-stranded
or multi-stranded polynucleotide is suggested in the
examples below to induce a cell to become a pluripotent
stem cell, and therefore can be suitably used to induce a cell
to become a pluripotent stem cell.

The single-stranded or multi-stranded polynucleotide is
also suggested in the examples below to promote or suppress
the expression of an undifferentiated cell marker, to promote
p53 expression in a pluripotent stem cell, or to be effective
in malignant tumor suppression, and therefore can be suit-
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ably used to regulate the expression of an undifferentiated
cell marker, to promote p53 expression in a pluripotent stem
cell, or to treat a malignant tumor.

Another embodiment is a pluripotent stem cell-inducing
agent that includes the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:1 and induces a cell to become a pluripotent stem
cell. The effect of the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:1 is as described above. Therefore, the pluripotent
stem cell-inducing agent can be suitably used to induce a cell
to become a pluripotent stem cell, to regulate the expression
of an undifferentiated cell marker, to promote p53 expres-
sion in a pluripotent stem cell, or to treat a malignant tumor.

Another embodiment is an undifferentiated cell marker
expression-regulating agent, a pluripotent stem cell p53
expression-promoting agent, or a therapeutic agent for a
malignant tumor, each of which includes the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:1. The effect of the single-
stranded or multi-stranded polynucleotide containing the
base sequence shown in SEQ ID NO:1 is as described above.
Therefore, the undifferentiated cell marker expression-regu-
lating agent, the pluripotent stem cell p53 expression-pro-
moting agent, or the therapeutic agent for a malignant tumor
can be suitably used to regulate the expression of an undif-
ferentiated cell marker, to induce a cell to become a pluri-
potent stem cell, to promote p53 expression in a pluripotent
stem cell, or to treat a malignant tumor.

Another embodiment is an siRNA or an miRNA that
contains a polynucleotide containing the base sequence
shown in SEQ ID NO:1. The effect of the polynucleotide
containing the base sequence shown in SEQ ID NO:1 is the
same as that of the single-stranded or multi-stranded poly-
nucleotide containing the base sequence shown in SEQ ID
NO:1. Therefore, the siRNA or the miRNA can be suitably
used to induce a cell to become a pluripotent stem cell, to
regulate the expression of an undifferentiated cell marker, to
promote p53 expression in a pluripotent stem cell, or to treat
a malignant tumor.

Another embodiment is a vector that harbors a polynucle-
otide containing a base sequence complementary to the base
sequence shown in SEQ ID NO:1. The vector can be suitably
used to express or produce the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:1, and therefore can be used in the
same applications (a pluripotent stem cell-inducing agent, a
therapeutic agent, or the like) as those of the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:1.

The vector may further harbor a base sequence comple-
mentary to the base sequence shown in SEQ ID NO:4, and
in this case, it can be suitably used to express or produce a
polynucleotide capable of base-pairing with the polynucle-
otide containing the base sequence shown in SEQ ID NO:1
or to express or produce an siRNA, an miRNA, or an shRNA
that contains the polynucleotide containing the base
sequence shown in SEQ ID NO:1.

The single-stranded or multi-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:1 may
further contain the base sequence shown in SEQ ID NO:4.
In this case, the single-stranded or multi-stranded polynucle-
otide containing the base sequence shown in SEQ ID NO:1
is expected to display higher efficiency of RNAi or miRNA
because, with the base sequence shown in SEQ ID NO:1
base-pairing with the base sequence shown in SEQ ID NO:4,
capture by RISC is assumed to occur more readily. When the
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single or multi strand is a single strand, it can adopt an
shRNA structure. When containing the base sequence shown
in SEQ ID NO:4, the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:1 is expected to be more stable. The same effect is
expected to be obtained when the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:1 contains a strand complementary to
an RNA strand containing the base sequence shown in SEQ
ID NO:1.

The single-stranded or multi-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:1, SEQ
1D NO:2, or SEQ ID NO:3 may contain the guide strand of
miR-47 siRNA, miR-101 siRNA, or miR-197 siRNA
described in the examples below, respectively. These three
siRNAs are each designed to perform RNAi on an miRNA
derived from RGM249 mRNA and are suggested to share a
function to shut down a cascade starting from RGM249
mRNA. Each of these three siRNAs is expected to exhibit a
similar effect when introduced into a cell. The same applies
to the single-stranded or multi-stranded polynucleotide con-
taining the base sequence shown in SEQ ID NO:1, SEQ ID
NO:2, or SEQ ID NO:3, and the polynucleotide is expected
to exhibit a similar effect when introduced into a cell.

(2) Polynucleotide Containing Base Sequence Shown in
SEQ ID NO:2

Another embodiment is a single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:2. The single-stranded or multi-
stranded polynucleotide is suggested in the examples below
to induce a cell to become a pluripotent stem cell, and
therefore can be suitably used to induce a cell to become a
pluripotent stem cell.

The single-stranded or multi-stranded polynucleotide is
suggested in the examples below to promote or suppress the
expression of an undifferentiated cell marker, to promote
p53 expression in a pluripotent stem cell, or to be effective
in malignant tumor suppression, and therefore can be suit-
ably used to regulate the expression of an undifferentiated
cell marker, to promote p53 expression in a pluripotent stem
cell, or to treat a malignant tumor.

Another embodiment is a pluripotent stem cell-inducing
agent that includes the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:2 and induces a cell to become a pluripotent stem
cell. The effect of the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:2 is as described above. Therefore, the pluripotent
stem cell-inducing agent can be suitably used to induce a cell
to become a pluripotent stem cell, to regulate the expression
of an undifferentiated cell marker, to promote p53 expres-
sion in a pluripotent stem cell, or to treat a malignant tumor.

Another embodiment is an undifferentiated cell marker
expression-regulating agent, a pluripotent stem cell p53
expression-promoting agent, or a therapeutic agent for a
malignant tumor, each of which includes the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:2. The effect of the single-
stranded or multi-stranded polynucleotide containing the
base sequence shown in SEQ ID NO:2 is as described above.
Therefore, the undifferentiated cell marker expression-regu-
lating agent, the pluripotent stem cell p53 expression-pro-
moting agent, or the therapeutic agent for a malignant tumor
can be suitably used to regulate the expression of an undif-
ferentiated cell marker, to induce a cell to become a pluri-
potent stem cell, to promote p53 expression in a pluripotent
stem cell, or to treat a malignant tumor.
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Another embodiment is an siRNA or an miRNA that
contains a polynucleotide containing the base sequence
shown in SEQ ID NO:2. The effect of the polynucleotide
containing the base sequence shown in SEQ ID NO:2 is the
same as that of the single-stranded or multi-stranded poly-
nucleotide containing the base sequence shown in SEQ ID
NO:2. Therefore, the siRNA or the miRNA can be suitably
used to induce a cell to become a pluripotent stem cell, to
regulate the expression of an undifferentiated cell marker, to
promote p53 expression in a pluripotent stem cell, or to treat
a malignant tumor.

Another embodiment is a vector that harbors a polynucle-
otide containing a base sequence complementary to the base
sequence shown in SEQ ID NO:2. The vector can be suitably
used to express or produce the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:2, and therefore can be used in the
same applications (a pluripotent stem cell-inducing agent, a
therapeutic agent, or the like) as those of the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:2.

The vector may further harbor a base sequence comple-
mentary to the base sequence shown in SEQ ID NO:5, and
in this case, it can be suitably used to express or produce a
polynucleotide capable of base-pairing with the polynucle-
otide containing the base sequence shown in SEQ ID NO:2
or to express or produce an siRNA, an miRNA, or an shRNA
that contains the polynucleotide containing the base
sequence shown in SEQ ID NO:2.

The single-stranded or multi-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:2 may
further contain the base sequence shown in SEQ ID NO:5.
In this case, the single-stranded or multi-stranded polynucle-
otide containing the base sequence shown in SEQ ID NO:2
is expected to display higher efficiency of RNAi or miRNA
because, with the base sequence shown in SEQ ID NO:2
base-pairing with the base sequence shown in SEQ ID NO:5,
capture by RISC is assumed to occur more readily. When the
single or multi strand is a single strand, it can adopt an
shRNA structure. When containing the base sequence shown
in SEQ ID NO:5, the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:2 is expected to be more stable. The same effect is
expected to be obtained when the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:2 contains a strand complementary to
an RNA strand containing the base sequence shown in SEQ
ID NO:2.

(3) Polynucleotide Containing Base Sequence Shown in
SEQ ID NO:3

Another embodiment is a single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:3. The single-stranded or multi-
stranded polynucleotide is suggested in the examples below
to induce a cell to become a pluripotent stem cell, and
therefore can be suitably used to induce a cell to become a
pluripotent stem cell.

The single-stranded or multi-stranded polynucleotide is
suggested in the examples below to promote or suppress the
expression of an undifferentiated cell marker, to promote
p53 expression in a pluripotent stem cell, or to be effective
in malignant tumor suppression, and therefore can be suit-
ably used to regulate the expression of an undifferentiated
cell marker, to promote p53 expression in a pluripotent stem
cell, or to treat a malignant tumor.

Another embodiment is a pluripotent stem cell-inducing
agent that includes the single-stranded or multi-stranded
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polynucleotide containing the base sequence shown in SEQ
ID NO:3 and induces a cell to become a pluripotent stem
cell. The effect of the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:3 is as described above. Therefore, the pluripotent
stem cell-inducing agent can be suitably used to induce a cell
to become a pluripotent stem cell, to regulate the expression
of an undifferentiated cell marker, to promote p53 expres-
sion in a pluripotent stem cell, or to treat a malignant tumor.

Another embodiment is an undifferentiated cell marker
expression-regulating agent, a pluripotent stem cell p53
expression-promoting agent, or a therapeutic agent for a
malignant tumor, each of which includes the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:3. The effect of the single-
stranded or multi-stranded polynucleotide containing the
base sequence shown in SEQ ID NO:3 is as described above.
Therefore, the undifferentiated cell marker expression-regu-
lating agent, the pluripotent stem cell p53 expression-pro-
moting agent, or the therapeutic agent for a malignant tumor
can be suitably used to regulate the expression of an undif-
ferentiated cell marker, to induce a cell to become a pluri-
potent stem cell, to promote p53 expression in a pluripotent
stem cell, or to treat a malignant tumor.

Another embodiment is an siRNA or an miRNA that
contains a polynucleotide containing the base sequence
shown in SEQ ID NO:3. The effect of the polynucleotide
containing the base sequence shown in SEQ ID NO:3 is the
same as that of the single-stranded or multi-stranded poly-
nucleotide containing the base sequence shown in SEQ ID
NO:3. Therefore, the siRNA or the miRNA can be suitably
used to induce a cell to become a pluripotent stem cell, to
regulate the expression of an undifferentiated cell marker, to
promote p53 expression in a pluripotent stem cell, or to treat
a malignant tumor.

Another embodiment is a vector that harbors a polynucle-
otide containing a base sequence complementary to the base
sequence shown in SEQ ID NO:3. The vector can be suitably
used to express or produce the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:3, and therefore can be used in the
same applications (a pluripotent stem cell-inducing agent, a
therapeutic agent, or the like) as those of the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:3.

The vector may further harbor a base sequence comple-
mentary to the base sequence shown in SEQ ID NO:6, and
in this case, it can be suitably used to express or produce a
polynucleotide capable of base-pairing with the polynucle-
otide containing the base sequence shown in SEQ ID NO:3
or to express or produce an siRNA, an miRNA, or an shRNA
that contains the polynucleotide containing the base
sequence shown in SEQ ID NO:3.

The single-stranded or multi-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:3 may
further contain the base sequence shown in SEQ ID NO:6.
In this case, the single-stranded or multi-stranded polynucle-
otide containing the base sequence shown in SEQ ID NO:3
is expected to display higher efficiency of RNAi or miRNA
because, with the base sequence shown in SEQ ID NO:3
base-pairing with the base sequence shown in SEQ ID NO:6,
capture by RISC is assumed to occur more readily. When the
single or multi strand is a single strand, it can adopt an
shRNA structure. When containing the base sequence shown
in SEQ ID NO:6, the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:3 is expected to be more stable. The same effect is

10

15

20

25

30

35

40

45

50

55

60

65

12

expected to be obtained when the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:3 contains a strand complementary to
an RNA strand containing the base sequence shown in SEQ
1D NO:3.

(4) Polynucleotide Associated with Base Sequence
Shown in SEQ ID NO:7

Another embodiment is a single-stranded or multi-
stranded polynucleotide containing a base sequence (here-
inafter, sometimes called “complementary base sequence
after Dicer treatment”) complementary to an RNA strand
obtained by Dicer treatment of an RNA strand containing the
base sequence shown in SEQ ID NO:7. The complementary
base sequence after Dicer treatment contains the base
sequence of the guide strand of miR-47 siRNA, miR-101
siRNA, or miR-197 siRNA described in the examples below.
The guide strand is assumed to characterize the functions of
miR-47 siRNA or the like.

The miR-47 siRNA and the like are suggested in the
examples below to induce a cell to become a pluripotent
stem cell, to promote or suppress the expression of an
undifferentiated cell marker, to promote p53 expression in a
pluripotent stem cell, or to be effective in malignant tumor
suppression. Therefore, the single-stranded or multi-
stranded polynucleotide containing the complementary base
sequence after Dicer treatment is also expected to be able to
induce a cell to become a pluripotent stem cell, to promote
or suppress the expression of an undifferentiated cell marker,
to promote p53 expression in a pluripotent stem cell, or to
suppress a malignant tumor.

Another embodiment is a pluripotent stem cell-inducing
agent that includes the single-stranded or multi-stranded
polynucleotide containing the complementary base
sequence after Dicer treatment and induces a cell to become
a pluripotent stem cell. The effect of the single-stranded or
multi-stranded polynucleotide containing the complemen-
tary base sequence after Dicer treatment is as described
above. Therefore, the pluripotent stem cell-inducing agent
can be suitably used to induce a cell to become a pluripotent
stem cell, to regulate the expression of an undifferentiated
cell marker, to promote p53 expression in a pluripotent stem
cell, or to treat a malignant tumor.

Another embodiment is an undifferentiated cell marker
expression-regulating agent, a pluripotent stem cell p53
expression-promoting agent, or a therapeutic agent for a
malignant tumor, each of which includes the single-stranded
or multi-stranded polynucleotide containing the comple-
mentary base sequence after Dicer treatment. The effect of
the single-stranded or multi-stranded polynucleotide con-
taining the complementary base sequence after Dicer treat-
ment is as described above. Therefore, the undifferentiated
cell marker expression-regulating agent, the pluripotent
stem cell p53 expression-promoting agent, or the therapeutic
agent for a malignant tumor can be suitably used to regulate
the expression of an undifferentiated cell marker, to induce
a cell to become a pluripotent stem cell, to promote p53
expression in a pluripotent stem cell, or to treat a malignant
tumor.

Another embodiment is an siRNA or an miRNA that
contains a polynucleotide containing the complementary
base sequence after Dicer treatment. The effect of the
polynucleotide containing the complementary base
sequence after Dicer treatment is the same as that of the
single-stranded or multi-stranded polynucleotide containing
the complementary base sequence after Dicer treatment.
Therefore, the siRNA or the miRNA can be suitably used to
induce a cell to become a pluripotent stem cell, to regulate
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the expression of an undifferentiated cell marker, to promote
p53 expression in a pluripotent stem cell, or to treat a
malignant tumor.

Another embodiment is a vector that harbors a polynucle-
otide containing a base sequence complementary to the
complementary base sequence after Dicer treatment. The
vector can be suitably used to express or produce the
single-stranded or multi-stranded polynucleotide containing
the complementary base sequence after Dicer treatment, and
therefore can be used in the same applications (a pluripotent
stem cell-inducing agent, a therapeutic agent, or the like) as
those of the single-stranded or multi-stranded polynucle-
otide containing the complementary base sequence after
Dicer treatment.

The vector may further harbor the complementary base
sequence after Dicer treatment, and in this case, it can be
suitably used to express or produce a polynucleotide capable
of base-pairing with the polynucleotide containing the
complementary base sequence after Dicer treatment or to
express or produce an siRNA, an miRNA, or an shRNA that
contains the polynucleotide containing the complementary
base sequence after Dicer treatment.

The single-stranded or multi-stranded polynucleotide
containing the complementary base sequence after Dicer
treatment may further contain a strand complementary to an
RNA strand that contains the complementary base sequence
after Dicer treatment. In this case, the single-stranded or
multi-stranded polynucleotide containing the complemen-
tary base sequence after Dicer treatment is expected to
display higher efficiency of RNAi or miRNA because, with
the complementary base sequence after Dicer treatment
base-pairing with the strand complementary to an RNA
strand that contains the complementary base sequence after
Dicer treatment, capture by RISC is assumed to occur more
readily. When the single or multi strand is a single strand, it
can adopt an shRNA structure. When containing the strand
complementary to an RNA strand that contains the comple-
mentary base sequence after Dicer treatment, the single-
stranded or multi-stranded polynucleotide containing the
complementary base sequence after Dicer treatment is
expected to be more stable.

Another embodiment is a single-stranded or double-
stranded polynucleotide that has an RNAi effect on an RNA
strand containing one or more base sequences selected from
the group consisting of the base sequences shown in SEQ ID
NOs:11, 12, and 13. The RNA strand containing one or more
base sequences is verified in the examples below to be the
RNA strand obtained by Dicer treatment of an RNA strand
containing the base sequence shown in SEQ ID NO:7, and
therefore has the same effect as of and can be used in the
same applications as of the single-stranded or multi-stranded
polynucleotide containing the complementary base
sequence after Dicer treatment.

(5) Polynucleotide Containing Base Sequence Shown in
SEQ ID NO:8

Another embodiment is a single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:8. The single-stranded or multi-
stranded polynucleotide is suggested in the examples below
to inhibit a cascade starting from RGM249 mRNA and
hence induce a cell to become a pluripotent stem cell, and
therefore can be suitably used to induce a cell to become a
pluripotent stem cell, to regulate the expression of an
undifferentiated cell marker, or to promote p53 expression in
a pluripotent stem cell.
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The single-stranded or multi-stranded polynucleotide is
suggested in the examples below to be effective in malignant
tumor suppression, and therefore can be suitably used to
treat a malignant tumor.

Another embodiment is a pluripotent stem cell-inducing
agent that includes the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:8 and induces a cell to become a pluripotent stem
cell. The effect of the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:8 is as described above. Therefore, the pluripotent
stem cell-inducing agent can be suitably used to induce a cell
to become a pluripotent stem cell, to regulate the expression
of an undifferentiated cell marker, to promote p53 expres-
sion in a pluripotent stem cell, or to treat a malignant tumor.

Another embodiment is an undifferentiated cell marker
expression-regulating agent, an undifferentiated cell marker
expression-regulating agent, or a therapeutic agent for a
malignant tumor, each of which includes the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:8. The effect of the single-
stranded or multi-stranded polynucleotide containing the
base sequence shown in SEQ ID NO:8 is as described above.
Therefore, the undifferentiated cell marker expression-regu-
lating agent, the undifferentiated cell marker expression-
regulating agent, or the therapeutic agent for a malignant
tumor can be suitably used to regulate the expression of an
undifferentiated cell marker, to induce a cell to become a
pluripotent stem cell, to promote p53 expression in a pluri-
potent stem cell, or to treat a malignant tumor.

Another embodiment is an shRNA that contains a poly-
nucleotide containing the base sequence shown in SEQ ID
NO:8. The effect of the polynucleotide containing the base
sequence shown in SEQ ID NO:8 is the same as that of the
single-stranded or multi-stranded polynucleotide containing
the base sequence shown in SEQ ID NO:8. Therefore, the
shRNA can be suitably used to induce a cell to become a
pluripotent stem cell, to regulate the expression of an
undifferentiated cell marker, to promote p53 expression in a
pluripotent stem cell, or to treat a malignant tumor.

Another embodiment is a vector that harbors a polynucle-
otide containing a base sequence complementary to the base
sequence shown in SEQ ID NO:8. The vector can be suitably
used to express or produce the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:8, and therefore can be used in the
same applications (a pluripotent stem cell-inducing agent, a
therapeutic agent, or the like) as those of the single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:8.

The vector may further harbor a base sequence comple-
mentary to the base sequence shown in SEQ ID NO:9, and
in this case, it can be suitably used to express or produce a
polynucleotide capable of base-pairing with the polynucle-
otide containing the base sequence shown in SEQ ID NO:8
or to express or produce an siRNA, an miRNA, or an shRNA
that contains the polynucleotide containing the base
sequence shown in SEQ ID NO:8.

The single-stranded or multi-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:8 may
further contain the base sequence shown in SEQ ID NO:9.
In this case, the single-stranded or multi-stranded polynucle-
otide containing the base sequence shown in SEQ ID NO:8
is expected to display higher efficiency of RNAi or miRNA
because, with the base sequence shown in SEQ ID NO:8
base-pairing with the base sequence shown in SEQ ID NO:9,
capture by RISC is assumed to occur more readily. When the
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single or multi strand is a single strand, it can adopt an
shRNA structure. When containing the base sequence shown
in SEQ ID NO:9, the single-stranded or multi-stranded
polynucleotide containing the base sequence shown in SEQ
ID NO:8 is expected to be more stable. The same effect is
expected to be obtained when the single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in SEQ ID NO:8 contains a strand complementary to
an RNA strand containing the base sequence shown in SEQ
1D NO:=.

The single-stranded or multi-stranded polynucleotide
containing the base sequence shown in SEQ ID NO:8 may
be a single-stranded polynucleotide containing the base
sequence shown in SEQ ID NO:10, and in this case, can be
suitably used as an shRNA that has an RNAi effect on an
RNA strand containing the base sequence shown in SEQ ID
NO:7.

(6) Polynucleotide Associated with Base Sequence
Shown in SEQ ID NO:7

Another embodiment is a single-stranded or double-
stranded polynucleotide that has an RNAi effect on an RNA
strand containing the base sequence shown in SEQ ID NO:7.
The single-stranded or multi-stranded polynucleotide is sug-
gested in the examples below to inhibit a cascade starting
from RGM249 mRNA and hence induce a cell to become a
pluripotent stem cell, and therefore can be suitably used to
induce a cell to become a pluripotent stem cell, to regulate
the expression of an undifferentiated cell marker, or to
promote p53 expression in a pluripotent stem cell.

The single-stranded or multi-stranded polynucleotide is
suggested in the examples below to be effective in malignant
tumor suppression, and therefore can be suitably used to
treat a malignant tumor.

Another embodiment is a pluripotent stem cell-inducing
agent that includes the single-stranded or double-stranded
polynucleotide that has an RNAi effect on an RNA strand
containing the base sequence shown in SEQ ID NO:7, and
that induces a cell to become a pluripotent stem cell. The
effect of the single-stranded or double-stranded polynucle-
otide that has an RNAI effect on an RNA strand containing
the base sequence shown in SEQ ID NO:7 is as described
above. Therefore, the pluripotent stem cell-inducing agent
can be suitably used to induce a cell to become a pluripotent
stem cell, to regulate the expression of an undifferentiated
cell marker, to promote p53 expression in a pluripotent stem
cell, or to treat a malignant tumor.

Another embodiment is an undifferentiated cell marker
expression-regulating agent, a pluripotent stem cell p53
expression-promoting agent, or a therapeutic agent for a
malignant tumor, each of which includes the single-stranded
or double-stranded polynucleotide that has an RNAi effect
on an RNA strand containing the base sequence shown in
SEQ ID NO:7. The effect of the single-stranded or double-
stranded polynucleotide that has an RNAi effect on an RNA
strand containing the base sequence shown in SEQ ID NO:7
is as described above. Therefore, the undifferentiated cell
marker expression-regulating agent, the pluripotent stem
cell p53 expression-promoting agent, or the therapeutic
agent for a malignant tumor can be suitably used to regulate
the expression of an undifferentiated cell marker, to induce
a cell to become a pluripotent stem cell, to promote p53
expression in a pluripotent stem cell, or to treat a malignant
tumor.

Another embodiment is an shRNA that contains a poly-
nucleotide that has an RNAi effect on an RNA strand
containing the base sequence shown in SEQ ID NO:7. The
effect of the polynucleotide that has an RNAI effect on an

10

15

20

25

30

35

40

45

50

55

60

65

16

RNA strand containing the base sequence shown in SEQ ID
NO:7 is the same as that of the single-stranded or double-
stranded polynucleotide that has an RNAi effect on an RNA
strand containing the base sequence shown in SEQ ID NO:7.
Therefore, the shRNA can be suitably used to induce a cell
to become a pluripotent stem cell, to regulate the expression
of an undifferentiated cell marker, to promote p53 expres-
sion in a pluripotent stem cell, or to treat a malignant tumor.

Another embodiment is a vector that harbors a base
sequence complementary to a base sequence encoding the
polynucleotide that has an RNAi effect on an RNA strand
containing the base sequence shown in SEQ ID NO:7. The
vector can be suitably used to express or produce the
polynucleotide that has an RNAi effect on an RNA strand
containing the base sequence shown in SEQ ID NO:7, and
therefore can be used in the same applications (a pluripotent
stem cell-inducing agent, a therapeutic agent, or the like) as
those of the polynucleotide that has an RNAi effect on an
RNA strand containing the base sequence shown in SEQ ID
NO.7.

The vector may further harbor the base sequence encod-
ing the polynucleotide that has an RNAi effect on an RNA
strand containing the base sequence shown in SEQ ID NO:7,
and in this case, it can be suitably used to express or produce
a polynucleotide capable of base-pairing with the polynucle-
otide that has an RNAIi effect on an RNA strand containing
the base sequence shown in SEQ ID NO:7 or to express or
produce an siRNA, an miRNA, or an shRNA that contains
the polynucleotide that has an RNAi effect on an RNA strand
containing the base sequence shown in SEQ ID NO:7.

(7) Polynucleotide Associated with Base Sequence
Shown in SEQ ID NO:41, Etc.

Another embodiment is a single-stranded or multi-
stranded polynucleotide containing one or more base
sequences shown in SEQ ID NOs:41 and 44 to 47. The
single-stranded or multi-stranded polynucleotide is sug-
gested in the examples below to be able to exhibit the same
effect as that of the single-stranded or multi-stranded poly-
nucleotide containing the base sequence shown in SEQ ID
NO:1, 2, 3, or 8 described above, and therefore can be used
in an application for a pluripotent stem cell-inducing agent,
an undifferentiated cell marker expression-regulating agent,
a pluripotent stem cell p53 expression-promoting agent, a
therapeutic agent for a malignant tumor, an siRNA (or an
miRNA) or an shRNA (or a pre-miRNA), or a vector. The
single-stranded or multi-stranded polynucleotide containing
the base sequence shown in SEQ ID NO:41 may further
contain the complementary strand thereof or a polynucle-
otide containing the base sequence shown in SEQ ID NO:42,
or may be a single-stranded polynucleotide containing the
base sequence shown in SEQ ID NO:43. The single-stranded
or multi-stranded polynucleotide containing the base
sequence shown in any of SEQ ID NOs:44 to 47 may further
contain the complementary strand thereof or a polynucle-
otide containing the base sequence shown in any of SEQ ID
NOs:48 to 51, respectively. The single-stranded or multi-
stranded polynucleotide containing the base sequence
shown in any of SEQ ID NOs:44 to 47 may be a single-
stranded or multi-stranded polynucleotide containing the
base sequence shown in any of SEQ ID NOs:52 to 55,
respectively, or the base sequence shown in any of SEQ ID
NOs:56 to 59, respectively.

Another embodiment is a vector that harbors a polynucle-
otide containing one or more base sequences complementary
to one or more base sequences shown in SEQ ID NOs:41
and 44 to 47. The vector can be suitably used to express or
produce the single-stranded or multi-stranded polynucle-
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otide containing one or more base sequences shown in SEQ
ID NOs:41 and 44 to 47, and therefore can be used in the
same applications (a pluripotent stem cell-inducing agent, a
therapeutic agent, or the like) as those of the single-stranded
or multi-stranded polynucleotide containing one or more
base sequences shown in SEQ ID NOs:41 and 44 to 47.

The vector may further harbor one or more base
sequences complementary to one or more base sequences
shown in SEQ ID NOs:42 and 48 to 51, and in this case, it
can be suitably used to express or produce a polynucleotide
capable of base-pairing with the polynucleotide containing
one or more base sequences shown in SEQ ID NOs:41 and
44 to 47 or to express or produce an siRNA, an miRNA, a
pre-miRNA, or an shRNA that contains the polynucleotide
containing one or more base sequences shown in SEQ ID
NOs:41 and 44 to 47.

(8) Cell into which Polynucleotide According to Embodi-
ment is Introduced

Another embodiment is a cell into which any of the
single-stranded or multi-stranded polynucleotides or any of
the vectors is introduced. The cell acquires induced pluri-
potency and therefore can be suitably used as a material for
medical applications and a research material in tissue engi-
neering and the like.

The cell has no exogenous c-Myc and expresses endog-
enous p53, and therefore is at low risk of becoming cancer-
ous. The p53 expression is, but is not limited to, 1, 1.2, 1.4,
1.6, 1.8, 2.0, 3.0, 4.0, 5.0, 10, 100, or 1000 times as high as
the p53 expression amount in the hiPSC strain HPS0002:253
G1, for example. The p53 expression may be within the
range between any two values exemplified. A method for
measuring p53 expression is preferably real-time PCR for
accurate and easy measurement. As the detailed measure-
ment conditions, measurement conditions of real-time PCR
in the examples below can be used.

(9) Pluripotent Stem Cell and Method for Producing Same

Another embodiment is a method for producing a pluri-
potent stem cell, in which the method includes introducing
any of the single-stranded or multi-stranded polynucleotides
into a cell, or a method for producing a pluripotent stem cell,
in which the method includes introducing any of the vectors
into a cell. When appropriately used, the method can pro-
duce a pluripotent stem cell. Introduction of the polynucle-
otide or the vector into a cell and the culture can be
performed by a method known in the technical field. Intro-
duction into a cell can be performed, for example, by the
calcium phosphate method, lipofection, electroporation, a
method using a virus (an adenovirus, a retrovirus, HIV, for
example), or microinjection [Shin Idenshi Kogaku Hand-
book (Newly Issued Handbook of Genetic Engineering), 4th
Revision, Yodosha Company Limited (2003)152-179.]. A
cell that has undergone introduction can be sorted by the use
of drug resistance, a cell sorter, or the like. As the medium,
a medium for primate ES cells (COSMO BIO CO., LTD.),
an ordinary medium for human cells (DMEM- or RPMI-
based medium, for example), and the like can be used, for
example. Generally, ES cell establishment is often achieved
using co-culture with a feeder cell; however, the pluripotent
stem cell of this embodiment can be established in the
absence of a feeder cell. The feeder cell is available from
European Collection of Cell Cultures, for example. The
pluripotent stem cell of this embodiment can also be cul-
tured in one or more media selected from the group con-
sisting of F-12 HAM [DMEM (15-mM HEPES+1-mM
Sodium Pyruvate+pyridoxine+NaHCO3+5-mM L-gluta-
mine)], RPMI-1640+L-glutamine, DMEM+high glucose+
L-glutamine+0.1-mM NEAA, and REPROSTEM (REPRO-
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Cell Incorporated): bFGF 3-10 ng/ml under the condition of
37° C., 5% CO2, and 10% FBS. According to this, difficul-
ties in culturing so-called iPS cells are successfully over-
come.

Another embodiment is a pluripotent stem cell obtained
by the method, a pluripotent stem cell in which endogenous
p53 expression is higher than in strain HPS0002:253 G1, or
a pluripotent stem cell in which the expression amount of
any of the single-stranded or multi-stranded polynucleotides
is increased. These cells express endogenous p53 and there-
fore are at low risk of becoming cancerous.

(10) Sequence Associated with Polynucleotide According
to Embodiment

The base sequences shown in SEQ ID NOs:1 to 10 and 41
to 59 may include some extent of mutation. A single-
stranded or multi-stranded polynucleotide containing a base
sequence with such mutation is assumed to have the same
effect as that of a single-stranded or multi-stranded poly-
nucleotide containing the wild-type base sequence. A poly-
nucleotide containing a base sequence with mutation can be
artificially produced, and in this case, can be called a
polynucleotide containing a modified base sequence.

In applications such as RNAi and miRNAs, mutation in
the base sequences shown in SEQ ID NOs:4 to 6, 9, 42, 48
to 51, and 56 to 59 is less likely to alter the effects of RNAi
and miRNAs even if the mutation is greater than that in the
base sequences shown in SEQ ID NOs:1 to 3, 8, 41, 44 to
47, and 52 to 55. This is because the base sequences shown
in SEQ ID NOs:1 to 3, 8, 41, 44 to 47, and 52 to 55 are
important in characterizing the effects of RNAi and miR-
NAs, while the base sequences shown in SEQ ID NOs:4 to
6,9, 42, 48 to 51, and 56 to 59 are auxiliary sequences.

Each of the base sequences shown in SEQ ID NOs:1to 10
and 41 to 59 may be the base sequence including deletion,
substitution, or addition of one or several bases. A single-
stranded or multi-stranded polynucleotide containing such a
base sequence is assumed to have the same effect as that of
a single-stranded or multi-stranded polynucleotide contain-
ing the wild-type base sequence. The expression “one or
several” preferably refers to 10 or less, more preferably 5 or
less, more preferably 4 or less, more preferably 3 or less,
more preferably 2 or less, and further preferably 1. This is
because the smaller the number referred to by “one or
several” is, the closer the properties of the polynucleotide is
to those of the wild type. The expression “addition” includes
the concept of insertion.

Each of the base sequences shown in SEQ ID NOs:1to 10
and 41 to 59 may be a base sequence that has homology of
80% or higher therewith, and a single-stranded or multi-
stranded polynucleotide containing such a base sequence is
assumed to have the same effect as that of a single-stranded
or multi-stranded polynucleotide containing the wild-type
base sequence. The expression “80% or higher” preferably
refers to 85% or higher, more preferably 90% or higher,
more preferably 95% or higher, more preferably 96% or
higher, more preferably 97% or higher, further preferably
98% or higher, and most preferably 99% or higher. This is
because the greater the percentage referred to by “80% or
higher” is, the closer the properties of the polynucleotide is
to those of the wild type.

Each of the base sequences shown in SEQ ID NOs:1to 10
and 41 to 59 may be a polynucleotide that hybridizes with
a polynucleotide containing the complementary base
sequence thereto under stringent conditions, and a single-
stranded or multi-stranded polynucleotide containing such a
base sequence is assumed to have the same effect as that of
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a single-stranded or multi-stranded polynucleotide contain-
ing the wild-type base sequence.

In the present specification, the “homology” refers to the
proportion of the number of bases overlapping among two or
a plurality of base sequences, determined by calculation
according to a method known in the technical field. The
proportion is determined by calculation after the base
sequences to be compared are aligned and, if necessary,
spaces are inserted into some part of the base sequences in
order to maximize the proportion. “Homology” also means
the proportion of the number of overlapping bases to the
total number of the bases including the overlapping ones in
the optimal alignment. A method for alignment, a method for
determining the proportion by calculation, and related com-
puter programs can be a common sequence analysis program
(GENETYX, GeneChip Sequence Analysis, for example)
that is conventionally known in the technical field.

In the present specification, the “stringent conditions”
may be conditions that include, for example, (1) washing at
low ionic strength and a high temperature, for instance, at
50° C. with 0.015-M sodium chloride/0.0015-M sodium
citrate/0.1% sodium dodecyl sulfate, (2) using a denaturant
such as formamide in hybridization, for instance, using 50%
(vol/vol) formamide, 0.1% bovine serum albumin/0.1%
Ficoll/0.1% polyvinylpyrrolidone/50-mM sodium phos-
phate bufter (pH6.5), 750-mM sodium chloride, and 75-mM
sodium citrate at 42° C., and (3) stringent washing with 50%
formamide, SxSSC (0.75-M NaCl, 0.075-M sodium citrate),
50-mM sodium phosphate (pH6.8), 0.1% sodium pyrophos-
phate, 5xDenhardt’s solution, sonicated salmon sperm DNA
(50 pug/ml), 0.1% SDS, and 10% dextran sulfate at 42° C.,
with 0.2xSSC (sodium chloride/sodium citrate) at 42° C.,
with formamide at 55° C., and then with 0.1xSSC containing
EDTA at 55° C. Examples of medium stringent conditions
include overnight incubation in a solution containing 20%
formamide, 5xSSC, 50-mM sodium phosphate (pH7.6),
5xDenhardt’s solution, 10% dextran sulfate, and 20-mg/ml
modified, sheared salmon sperm DNA at 37° C. and then
washing with the use of a filter in 1xSSC at 37 to 50° C.
Stringency during the hybridization reaction can be easily
determined by those skilled in the art, and generally varies
depending on the probe length, the temperature in washing,
and the salt concentration. Generally, for adequate anneal-
ing, a long probe requires a high temperature, while a short
probe requires a low temperature. Generally, stringency is
inversely proportional to the salt concentration.

It is known in the genetic engineering and biotechnology
fields that a polynucleotide containing bases with some
extent of mutation, deletion, or the like usually retains the
functions of the wild type. It is also known that some extent
of base mismatch between two polynucleotides is tolerable.
In fact, the examples below include deletion and a base
mismatch or base mismatches in a polynucleotide. For
example, a malignant tumor-suppressive effect is observed
when RGM249 shRNA includes 1-base deletion (FIG. 1B,
FIG. 1D), which suggests that the functions of the wild type
are retained even with some extent of deletion or the like.
Similarly, the sequence of miR-47 siRNA includes three
mismatches between the guide strand and the passenger
strand (FIG. 3B), the sequence of miR-101 siRNA includes
a mismatch between the guide strand and the passenger
strand (FIG. 3B), and the guide strands of miR-47 and of
miR-47 siRNA include three mismatches in-between (FIG.
3C), which suggest that the effects of RNAi and miRNAs are
exhibited even though the double strand includes some
extent of mismatch.
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(11) Other Characteristics Associated with Polynucleotide
According to Embodiment

In the present specification, the “pluripotent stem cell”
refers to a cell that has pluripotency and can differentiate
into various cells. The production method and properties
thereof are exemplified in, for example, International Pub-
lication No. WO 2007/069666 and Hong et al., Nature. 2009
Aug. 27; 460(7259):1132-5. Epub 2009 Aug. 9. Pluripotent
stem cells can be identified by those skilled in the art and
include, for example, a cell that expresses an undifferentia-
tion marker to an extent similar to or greater than that in an
hiPSC(HPS0002 253G1), which is a human induced pluri-
potent stem cell.

In the present specification, the “undifferentiated cell
marker” is a generic term for compounds such as DNA
strands, RNA strands, and proteins that are expressed spe-
cifically in undifferentiated cells. Examples thereof include
Klf4, c-Myc, Oct4, Sox2, PROMI, Nanog, SSEA-1, ALP,
eRas, Esgl, Ecatl, Fgf4, Gdf3, REX-1, and the like. The
“undifferentiated cell marker” is sometimes called a pluri-
potent stem cell marker.

In the present specification, the “RNAi” refers to a
phenomenon that an siRNA (short interfering RNA), an
shRNA (short hairpin RNA), short or long, single-stranded
or multi-stranded RNA, or the like suppresses the function
of its target gene, mRNA, or the like. Generally, this
suppression is sequence-specific and is observed in various
biological species. The mechanism of typical RNAi in
mammals involving an siRNA is as follows. After intro-
duced into a cell, an siRNA is converted into single strands,
and then RISC(RNA-induced Silencing Complex) is
formed. The single-stranded RNA that RISC captured serves
as a guide molecule to be used by RISC to recognize its
target RNA strand that has a sequence highly complemen-
tary to the single-stranded RNA. The target RNA strand is
cleaved at the center part of the siRNA by AGO2 within
RISC. Subsequently, the target RNA strand thus cleaved is
degraded. This is the typical mechanism, and another
example where an miRNA in a living organism is targeted
and is suppressed is provided by Kriitzfeldt et al., Nucleic
Acids Res. 2007; 35(9):2885-92. Epub 2007 Apr. 16. In the
present specification, the “molecule that has an RNAi effect”
refers to a molecule capable of triggering the RNAI action,
including siRNAs and shRNAs, for example.

In the present specification, the “siRNA” refers to a
double-stranded polynucleotide that triggers RNAi. The
double strand of the siRNA can generally be separated into
a guide strand and a passenger strand, and the guide strand
is captured by RISC. The guide strand thus captured by
RISC is used to recognize its target RNA. Artificial siRNAs
are principally used in RNAIi research, while endogenous
ones in living organisms are also known.

In the present specification, the “miRNA (microRNA)”
refers to a polynucleotide having a function similar to that of
the siRNA and is known to suppress translation of its target
RNA strand or to degrade its target RNA strand. A pre-
miRNA is a precursor of the miRNA. The difference
between the miRNA and the siRNA is generally in their
production pathways and is also in their detailed mecha-
nisms. A typical production pathway of the miRNA in a
living organism is as follows. Firstly, a long pri-RNA
(primary miRNA) is transcribed from an miRNA gene. The
pri-miRNA includes a sequence that is to become an
miRNA, and this sequence adopts a hairpin structure, which
is then cleaved out by Drosha at its base. The hairpin thus
cleaved out, which is called a pre-miRNA, is transferred by
Exportin-5 to the cytoplasm, where it is cleaved by Dicer to
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produce a double-stranded miRNA, which is then converted
into single strands to form RISC. One of the single-stranded
RNA serves as a guide molecule to be used to recognize,
cleave, or suppress the translation of a target RNA strand.
This is the typical production pathway of the miRNA. In the
present specification, the “molecule that has an miRNA
action” refers to a molecule capable of triggering the
miRNA action and includes, for example, miRNAs, pre-
miRNAs, pri-miRNAs, and the like.

In the present specification, the “shRNA” refers to a
single-stranded polynucleotide capable of forming a struc-
ture (hairpin-like structure) with a hairpin turn, and has a
function to trigger RNAi. The shRNA adopts a structure
similar to that of the pre-miRNA, and, within a cell, is
usually cleaved by Dicer to produce the siRNA. The siRNA
is known to induce cleavage of its target RNA.

In the present specification, the “small RNA” refers to
relatively small RNA, and examples thereof can include, but
are not limited to, siRNAs, miRNAs, shRNAs, pre-miR-
NAs, single-stranded or multi-stranded low-molecular
RNA, and the like. The number of the bases thereof is, but
is not limited to, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
30, 40, 50, 60, 70, 80, 90, or 100, for example. The number
of'the bases may be within the range between any two values
exemplified.

In the present specification, the “Dicer” includes an
enzyme that has a function to produce an siRNA, an
miRNA, and the like by cleaving the precursor thereof. For
example, Dicer can convert dsRNA into an siRNA, a pre-
miRNA into an miRNA, and an shRNA into an siRNA.
Dicer is also known to have several additional functions.

The single or multi strand may be a single strand or a
double strand, and in this case, the mechanism of the siRNA,
the miRNA, the shRNA, or antisense RNA can be applied
thereto.

The single-stranded or multi-stranded polynucleotide may
be used alone or as a combination of two or more of these,
and in these cases, can still be suitably used as a pluripotent
stem cell-inducing agent, an undifferentiated cell marker
expression-regulating agent, a pluripotent stem cell p53
expression-promoting agent, or a therapeutic agent for a
malignant tumor. When two or more of these are used as a
combination, the proportion of these is not particularly
limited.

The single-stranded or multi-stranded polynucleotide may
have the RNAI effect, and in this case, can degrade its target
RNA strand through RNA.

The single-stranded or multi-stranded polynucleotide may
be the small RNA, and in this case, disadvantageous phe-
nomena such as an interferon response are less likely to
occur. The interferon response is generally known as a
phenomenon where a cell recognizes double-stranded RNA
(dsRNA) and then becomes antiviral. A report says that
introduction of long-chain dsRNA into a cell activates
dsRNA-dependent protein kinase (PKR) to trigger an inter-
feron response (Gil et al., Apoptosis. 2000 April; 5(2):107-
14), and it is said that, as a result of this, suppression of
non-specific gene expression and apoptosis are triggered.

The number of nucleotides in the single-stranded or
multi-stranded polynucleotide is, but is not limited to, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40, 50, 60, 70, 80,
90, 100, 200, or 500, for example. The number may be
within the range between any two values exemplified. When
the number is 15 or larger, chances of accurate bonding to
its target polynucleotide increase, and when it is 100 or
smaller, disadvantageous phenomena such as an interferon
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response are less likely to occur. The smaller the number of
nucleotides is, the less likely these phenomena are expected
to occur.

When the single-stranded or multi-stranded polynucle-
otide is a single-stranded one, it may be the shRNA, while
when it is a double-stranded one, it may be the siRNA. Both
can degrade its target RNA strand through RNAi, and their
base-pairing facilitates its capture by RISC to help efficient
RNAi (Martinez et al., Cell. 2002 Sep. 6; 110(5):563-74).
The double-stranded one may be the miRNA, and in this
case, its target RNA strand can be silenced through the
miRNA action. The single-stranded one may be adopt a
hairpin-free structure unlike the shRNA, and this structure is
reported to suppress the expression of its target RNA strand
as well [Hohjoh et al., FEBS Lett. 2002 Jun. 19; 521(1-3):
195-9.].

The shRNA may be composed of 35 or more nucleotides,
and in this case, chances of accurate formation of a hairpin-
like structure, which the shRNA typically adopts, increase.
Meanwhile, the shRNA may be composed of 100 nucleo-
tides or less, and in this case, disadvantageous phenomena
such as an interferon response are less likely to occur.
However, most pre-miRNAs, which generally share similar
structures and functions with the shRNA, are about 100-
nucleotide long or longer, and therefore it is supposed that
the shRNA does not necessarily need to be composed of 100
nucleotides or less to function as an shRNA. It is also
suggested that a large molecule resulting from artificial
bonding of four pre-miRNAs functions as well [Lin et al.,
RNA. 2008 October; 14(10):2115-24. Epub 2008 Aug. 28.].
Thus, the number of nucleotides is not limited provided that
the shRNA function is displayed, and is 35, 36, 37, 38, 39,
40, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200,
or 500, for example. The number may be within the range
between any two values exemplified. For the same reason,
the pre-miRNA may contain about the same number of
nucleotides as that of the shRNA.

The guide strand of the siRNA or the miRNA may be
composed of 15 or more nucleotides, and in this case,
chances of accurate bonding to its target polynucleotide
increase. Meanwhile, the guide strand may be composed of
40 or less nucleotides, and in this case, disadvantageous
phenomena such as an interferon response are less likely to
occur. The number of nucleotides is, but is not limited to, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, or 40, for example. The number may be
within the range between any two values exemplified.

The single-stranded or multi-stranded polynucleotide, the
shRNA, the siRNA, the miRNA, and the pre-miRNA may
contain a 1- to S-nucleotide overhang, and in this case, RNAi
efficiency is expected to increase. The number of nucleotides
is, but is not limited to, 5, 4, 3, 2, or 1, for example. The
number may be within the range between any two values
exemplified.

As the vector, an Escherichia coli plasmid (pBR322,
pBR325, pUC12, pUCI13, for example), a Bacillus subtilis
plasmid (pUB110, pTPS, pC194, for example), a yeast
plasmid (pSH19, pSH15, for example), a bacteriophage such
as A phages, a vector derived from a virus such as HIV,
adenoviruses, retroviruses, vaccinia virus, and baculovi-
ruses, pAl-11, pXT1, pRc/CMV, pRc/RSV, pcDNAI/Neo,
pSUPER (OligoEngine Corporation), a BLOCK-it Inducible
H1 RNAI Entry Vector (Invitrogen Corporation), pRNATin-
H1.4/Lenti (GenScript, corp., NJ, USA), and the like can be
used.

The pluripotent stem cell-inducing agent may have a
function to induce a somatic cell to become a pluripotent
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stem cell, and in this case, can produce a pluripotent stem
cell from a somatic cell. In the present specification, the
“somatic cell” refers to any cell other than germ cells and
includes skin-related cells, fibroblasts, and the like. Usually
in the somatic cell, pluripotency is limited or has disap-
peared. In the present specification, the “pluripotent stem
cell-inducing agent” refers to a substance that acts to convert
a cell toward a cell having pluripotency such as a pluripotent
stem cell. In the present specification, the expression “repro-
gramming” refers to an act of converting a cell toward a cell
having pluripotency such as a pluripotent stem cell.

The pluripotent stem cell-inducing agent may be an agent
for inducing a malignant tumor cell to become a pluripotent
stem cell, and in this case, can produce a pluripotent stem
cell from a malignant tumor cell. In the present specification,
the “malignant tumor” includes diseases resulted from muta-
tion of a normal cell and subsequent proliferation, and
includes carcinoma and sarcoma. The malignant tumor is
known to develop in any organ or tissue in the body and to
form lumps as the malignant tumor cells proliferate to
invade surrounding normal tissue and destroy it. Cancer
includes, for example, lung cancer, esophagus cancer, stom-
ach cancer, liver cancer, pancreatic cancer, kidney cancer,
adrenal cancer, biliary cancer, breast cancer, colorectal can-
cer, small intestine cancer, cervical cancer, endometrial
cancer, ovarian cancer, bladder cancer, prostate cancer,
ureteral cancer, renal pelvic cancer, penile cancer, testis
cancer, brain tumor, central nervous system cancer, periph-
eral nervous system cancer, head and neck cancer (oral
cancer, pharyngeal cancer, laryngeal cancer, rhinal and sinus
cancer, salivary gland cancer, thyroid cancer, and the like),
glioma, glioblastoma multiforme, skin cancer, melanoma,
thyroid cancer, salivary gland cancer, hematological cancer,
and malignant lymphoma.

The pluripotent stem cell-inducing agent may be an agent
for inducing a cell of one or more malignant tumors selected
from the group consisting of liver cancer, pancreatic cancer,
fibrosarcoma, glioblastoma multiforme, and melanoma to
become a pluripotent stem cell, and in this case, can produce
a pluripotent stem cell from the malignant tumor cell.
Induction of a pluripotent stem cell from a malignant tumor
cell has been reported by few, and therefore is expected to
be a novel, innovative method for treating a malignant
tumor.

The pluripotent stem cell may express endogenous p53,
and in this case, is assumed to be less prone to become
cancerous. Preferably, the p53 expression is significantly
higher than in a control sample (a p53 knockout cell, a
normal cell, or a sample derived from these, for example).
In this specification, the expression “significantly” includes,
for example, the case where Student’s t-test gives a statis-
tically significant difference between a control group and a
test group and p<0.05 is satisfied. In the present specifica-
tion, the “control group” refers to a sample under a condition
different from that for a test group, and the ordinary concept
in the technical field applies.

p53 is generally classified into a malignant tumor sup-
pressor gene and is known to be activated by DNA damage
to stop cell division and induce repair of the damage. It is
also reported that p53 knockout or knockdown increases the
efficiency of iPS cell production (Zhao et al., Cell Stem Cell.
2008 Now. 6; 3(5):475-9, Hong et al., Nature. 2009 Aug. 27;
460(7259):1132-5. Epub 2009 Aug. 9). These indicate that
there is a trade-off between malignant tumor suppression by
p53 and efficiency of iPS cell production. A p53-deficient ES
cell is reported to have unstable chromosome and to be
resistant to induction of differentiation (Lin et al., Nat Cell
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Biol. 2005 February; 7(2):165-71. Epub 2004 Dec. 26),
which indicates that undifferentiated cells are highly likely
to remain after induction of differentiation. Because of this,
in tissue engineering, p53-deficient cell transplant is sup-
posed to raise the risk of malignant tumor formation. From
these viewpoints, p53 has proven to be an important mol-
ecule for a cell.

In the present specification, the expression “endogenous”
refers to that the substance occurs from an intracellular
mechanism. For example, a protein that is steadily expressed
in a cell is an endogenous protein.

As for the undifferentiated cell marker expression-regu-
lating agent, the undifferentiated cell marker may be one or
more undifferentiated cell markers selected from the group
consisting of Kif4, c-Myc, Oct4, Sox2, and PROMI1. The
undifferentiated cell marker and various proteins can be
detected by a known method such as RT-PCR (Reverse
Transcription Polymerase Chain Reaction). The RT-PCR is
a method to perform reverse transcription using an RNA
strand as a template and to subject the cDNA thus produced
to PCR. Total RNA can be extracted from a cell using the
guanidine thiocyanate method or a commercially available
reagent or kit. Cells can be purchased from Invitrogen
Limited, Sanko Junyaku Co., Ltd., Takara Bio Incorporated,
and the like. The undifferentiated cell marker and various
proteins can also be detected by performing real-time PCR
in combination, and the combination is called real-time
RT-PCR. The real-time PCR is a method to monitor nucleic
acids in real time as they are amplified by PCR, and can be
performed according to a procedure, for example, in Genri
kara yoku wakaru Real-time PCR Jikken Guide (Guide to
Experimental Real-time PCR and the Principle), Yodosha
Company Limited, 2007/12. Examples of the monitoring
method include intercalation, hybridization, LUX (Light
Upon eXtension), and the like. Typical intercalation mea-
sures the amount of nucleic acid by using the properties of
a fluorescent substance such as SYBR® Green I to penetrate
a double-stranded nucleic acid and to emit light when
irradiated with excitation light. The fluorescence strength is
proportional to the amount of nucleic acid and therefore can
be measured to provide the amount of nucleic acid ampli-
fied. Quantitative methods using real-time PCR are broadly
classified into two categories of methods, absolute quanti-
fication and relative quantification, and either can be used as
needed.

In the present specification, the “expression-regulating
agent” includes a substance capable of increasing or
decreasing the expression amount of a target protein or
mRNA. Preferably, the increment or the decrement makes a
significant difference from a control cell.

The therapeutic agent for a malignant tumor may further
include a DDS (Drug Delivery System), and in this case, can
efficiently introduce a polynucleotide into a cell. The DDS
includes a gelatin hydrogel or atelocollagen. In the present
specification, the “gelatin hydrogel” can serve as a DDS in
the form of a hydrogel made of gelatin. The gelatin hydrogel
is excellent in biocompatibility and bioabsorbability. In the
present specification, the “atelocollagen™ refers to a DDS
made of atelocollagen and is excellent in introduction effi-
ciency into a cell and in safety. The atelocollagen is an
enzymatically degraded form of telopeptide, which is com-
monly contained in collagen, and is less prone to trigger
immune reactions.

As for the therapeutic agent for a malignant tumor, the
malignant tumor may be one or more malignant tumors
selected from the group consisting of liver cancer, lung
cancer, pancreatic cancer, fibrosarcoma, glioblastoma mul-
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tiforme, and melanoma, and in this case, can treat the
malignant tumor. Especially because any of these malignant
tumors has no innovative treatment therefor, the therapeutic
agent for a malignant tumor is a promising therapeutic agent
therefor.

In the present specification, the “liver cancer” includes
diseases resulted from continuing proliferation of hepato-
cytes. The hepatocytes that can develop the liver cancer
include cells of the bile duct and blood vessels such as portal
veins, dendritic cells, and hepatocytes. The liver cancer also
includes primary hepatoma and metastatic hepatoma. A
great proportion of the primary hepatoma is known to be
hepatocellular carcinoma.

In the present specification, the “lung cancer” includes
malignant tumors in, for example, epithelial cells of the
trachea, the bronchial tubes, and alveoli and is pathologi-
cally classified into adenocarcinoma, squamous cell carci-
noma, large cell carcinoma, and small cell carcinoma. The
small cell carcinoma and the other cancers are different in
progression, treatment response, and the like, and therefore
the adenocarcinoma, the squamous cell carcinoma, and the
large cell carcinoma are sometimes collectively called non-
small cell lung cancer. There are a few tumors such as
carcinoid and cylindroma that are not included in either the
small cell carcinoma or the non-small cell lung cancer.

In the present specification, the “pancreatic cancer”
includes malignant tumors in the pancreas. The pancreas
consists of an acinus that produces pancreatic juice, the
pancreatic duct that transfers the pancreatic juice, islet of
Langerhans as an endocrine gland, and the like, and the
cancer can develop in any of these tissue. Examples thereof
include invasive ductal carcinoma of the pancreas, pancre-
atic endocrine tumor, intraductal papillary-mucinous neo-
plasm, mucinous cystic tumor, acinar cell carcinoma, serous
cystadenocarcinoma, and the like.

In the present specification, the “sarcoma” includes
malignant tumors that develop in connective tissue cells
such as non-epithelial cells as in bone, cartilage, fat, muscle,
blood vessels, and the like. Examples thereof include fibro-
sarcoma, malignant fibrous histiocytoma, dermatofibrosar-
coma, liposarcoma, rhabdomyosarcoma, leiomyosarcoma,
angiosarcoma, Kaposi sarcoma, lymphangiosarcoma, syn-
ovial sarcoma, alveolar soft part sarcoma, extraskeletal
chondrosarcoma, extraskeletal osteosarcoma, malignant
peripheral nerve sheath tumor, osteosarcoma, chondrosar-
coma, granulocytic sarcoma, Ewing sarcoma, primary fibro-
sarcoma of bone, malignant giant cell tumor of bone,
primary liposarcoma of bone, primary angiosarcoma of
bone, and the like.

In the present specification, the “glioma” includes malig-
nant tumors that develop in glial cells. Examples thereof
include astrocytoma, oligodendroglial tumor, ependymal
tumor, choroid plexus tumor, glioblastoma multiforme, and
the like.

In the present specification, the “melanoma” includes
melanocyte-associated malignant tumors that develop in the
skin, intraorbital tissue, oral mucosal epithelium, and the
like. Examples thereof include lentigo maligna melanoma,
superficial spreading melanoma, nodular melanoma, acral
lentiginous melanoma, and the like.

In the present specification, the “polynucleotide” includes
a plurality of nucleotides, bases, or the equivalents thereof
that are bonded to each other. The nucleotides and the bases
include DNA bases and RNA bases. The equivalents
include, for example, DNA bases and RNA bases that have
undergone chemical modification such as methylation, and
nucleotide analogs. The nucleotide analogs include non-
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natural nucleotides. The “DNA strand” refers to two or more
DNA bases or equivalents thereof being linked to each other.
The “RNA strand” refers to two or more RNA bases or
equivalents thereof being linked to each other. The “base
sequence” refers to the sequence of nucleotides or the
equivalent thereof constituting a polynucleotide. The base
sequence is generally expressed with A (adenine), G (gua-
nine), C (cytosine), and T (thymine). T can be read as U
(uracil) according to the situation, and vice versa. For
example, in NCBI Reference Sequence, which is a leading
database, the base sequences of DNA strands and RNA
strands are expressed with A, G, C, and T. The polynucle-
otide can be synthesized by a DNA/RNA synthesizer or be
purchased from a contractor (Invitrogen Corporation, Takara
Bio Corporation, for example) that handles synthetic DNA
bases and/or RNA bases. Synthesis of the siRNA, the
miRNA, the shRNA, the pre-miRNA, or a vector encoding
these can be commissioned to a manufacturer.

The siRNA and the like can be designed by a Stealth
RNAI designer (Invitrogen), siDirect 2.0 (Naito et al., BMC
Bioinformatics. 2009 Nov. 30; 10:392), or the like. The
RNAIi effect and the miRNA action can be confirmed by
quantifying the expression of an RNA strand with real-time
RT-PCR, or can be confirmed by analyzing the expression
amount of an RNA strand with Northern blotting, by ana-
lyzing the amount of a protein with Western blotting, by
phenotype observation, or the like. A method using real-time
RT-PCR is particularly efficient.

In the present specification, the “complementary strand”
refers to a polynucleotide that is highly complementary to
and is capable of hybridizing with another polynucleotide.
In the present specification, the expression “hybridizing”
refers to a property that a plurality of polynucleotides
base-pair with each other via, for example, hydrogen bonds
between bases. The base pair can be a Watson-Crick base
pair, a Hoogsteen base pair, or any other sequence-specific
one. Two single strands that are hybridized with each other
is called a double strand. The expression “complementary”
includes, for example, a circumstance where one polynucle-
otide can hybridize with another polynucleotide with A
corresponding to T and G corresponding to C.

In the present specification, the expression “treating”
refers to being able to exhibit an effect to prevent or improve
a disease of a subject or one or more symptoms associated
with the disease.

In the present specification, the “subject” includes
humans or other mammals (mice, rats, rabbits, cows, mon-
keys and apes, chimpanzees, pigs, horses, sheep, goats,
dogs, cats, guinea pigs, hamsters, for example), is preferably
a mouse, a rat, a monkey and an ape, a chimpanzee, or a
human, and is particularly preferably a human. This is
because if the subject is a human, the single-stranded or
multi-stranded polynucleotide can be utilized in treating
human diseases, developing a therapeutic agent or a diag-
nostic agent for human, or the like. Mice, rats, monkeys and
apes, and chimpanzees are widely used as a model animal
for research all over the world, and many of the properties
thereof have been revealed. Therefore, examining efficacy
and pharmacology of the single-stranded or multi-stranded
polynucleotide on these animals provides particularly useful
information for development of excellent therapeutic agents
and the like.

When used as a therapeutic agent, the single-stranded or
multi-stranded polynucleotide can be administered alone;
however, it is preferably provided as a pharmaceutical
formulation produced by a method well known in the
pharmaceutical field, usually mixed with a DDS or one or
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more pharmacologically acceptable carriers. Instead of
using the single-stranded or multi-stranded polynucleotide
as it is, the precursor thereof can be administered.

The route of administration of the single-stranded or
multi-stranded polynucleotide to a living organism is pref-
erably the most effective one for the treatment, and examples
thereof can include oral administration and parenteral
administration such as administration into the oral cavity,
administration into the respiratory tract, and intrarectal,
subcutaneous, intramuscular, intraperitoneal, intraocular,
and intravenous administration. Administration can be sys-
temic or topical. The route of administration can preferably
be parenteral administration and may be subcutaneous or
intravenous administration as in the examples below; in this
case, the single-stranded or multi-stranded polynucleotide
highly efficiently reaches the affected area.

Examples of other administration forms include a capsule,
a tablet, a granule, a syrup, an emulsion, an injectable, a
suppository, a spray, an ointment, a tape, and the like.
Examples of formulations appropriate to oral administration
include the emulsion, the syrup, the capsule, the tablet, a
powder, the granule, and the like. A liquid preparation such
as the emulsion and the syrup can be produced using an
additive including water, a sugar such as sucrose, sorbitol,
and fruit sugar, a glycol such as polyethylene glycol and
propylene glycol, an oil such as sesame seed oil, olive oil,
and soybean oil, a preservative such as p-hydroxybenzoic
acid esters, and a flavor such as a strawberry flavor and
peppermint. The capsule, the tablet, the powder, the granule,
and the like can be produced by using an additive including
an excipient such as lactose, dextrose, sucrose, and manni-
tol, a disintegrating agent such as starch and sodium alg-
inate, a lubricant such as magnesium stearate and talc, a
binder such as poly(vinyl alcohol), hydroxypropylcellulose,
and gelatin, a surfactant such as fatty acid esters, and a
plasticizer such as glycerol.

Examples of formulations appropriate to parenteral
administration include the injectable, the suppository, the
spray, and the like. Examples of an aqueous solution in the
injectable include, for example, a physiological saline solu-
tion and an isotonic solution containing dextrose and another
auxiliary agent such as D-sorbitol, D-mannose, D-mannitol,
and sodium chloride, and these may be concurrently used
with an appropriate dissolution promoter including alcohols,
specifically ethanol and polyalcohols such as propylene
glycol and polyethylene glycol, and nonionic surfactants
such as polysorbate 80 (TM) and HCO-50. The suppository
can be prepared using a carrier such as cocoa butter, hydro-
genated fat, or a carboxylic acid. The spray can be prepared
by using an agent containing the single-stranded or multi-
stranded polynucleotide, or a carrier that does not irritate the
oral cavity and the respiratory tract mucosa of a recipient
and that disperses an agent containing the single-stranded or
multi-stranded polynucleotide as a fine particle to facilitate
absorption, or the like. As the carrier, lactose, glycerol, and
the like can be specifically exemplified. Depending on the
characteristics of the agent containing the single-stranded or
multi-stranded polynucleotide and of the carrier used, an
aerosol, a dry powder, and other formulations are possible.
To these parenteral formulations, the components exempli-
fied as the additive for oral formulations can also be added.

The therapeutic agent or the prophylactic agent may be
mixed with a buffer (a phosphate buffer solution, a sodium
acetate buffer solution, for example), an anesthetic (ben-
zalkonium chloride, procaine hydrochloride, for example), a
stabilizer (human serum albumin, polyethylene glycol, for
example), a preserving agent (benzyl alcohol, phenol, for
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example), an antioxidant, and the like. The injectable solu-
tion thus prepared is usually filled in an appropriate
ampoule. The formulation thus obtained is safe and has low
toxicity, and therefore can be administered to a human and
mammals (such as rats, mice, rabbits, sheep, pigs, cows,
cats, dogs, and monkeys and apes), for example.

The administration method can be selected as needed
according to the age, the symptom, the organ of interest, and
the like of the subject. The dose of a pharmaceutical com-
position that includes the agent containing the single-
stranded or multi-stranded polynucleotide can be selected
from, but not necessarily limited to, the range of 0.0001 mg
to 1000 mg per 1 kg of body weight per time, for example,
or the range of 0.001 to 100000 mg/body of the subject, for
example. The dose per 1 kg of body weight is 0.0001, 0.01,
1, 50, 100, 250, 500, or 1000 mg, for example. The dose may
be within the range between any two values exemplified.
The dose varies depending on the desired therapeutic effect,
the administration method, the treatment period, the age, the
body weight, and the like. The dose and the administration
method vary depending on the body weight, the age, the
symptom, and the like of the subject and can be selected as
needed by those skilled in the art. Concurrent administration
with a suitable chemotherapeutic may also be adopted.

The single-stranded or multi-stranded polynucleotide can
be used, for example, as an additive to augment the growth
of'animals in husbandry through the malignant cell-suppres-
sive effect and the like.

Another embodiment of the present invention is a reagent
or a kit that includes the single-stranded or multi-stranded
polynucleotide. The reagent or the kit can be used as a
research reagent or kit or a medical kit through the effect of
the single-stranded or multi-stranded polynucleotide, and
can be used, for example, as an additive and an auxiliary
substance for iPS cell production, artificial organ produc-
tion, malignant tumor cell suppression, regulation of expres-
sion of a undifferentiation marker, or p53-expressing cell
production. The kit may also include written directions
describing the usage and examples of use of the single-
stranded or multi-stranded polynucleotide, a written illus-
tration for locating the written directions, or different kinds
of buffers.

The embodiments of the present invention have been
described above. However, these are examples of the present
invention, and various other configurations can be adopted.
The configurations described in the embodiments can also
be adopted in combination.

EXAMPLES

The present invention will be described in more detail by
examples. The scope of the present invention is, however,
not limited to these examples.

Example 1

Administration of RGM249 shRNA to Mouse and
Evaluation of Anti-Tumor Action

(1-1) RGM249 shRNA Production

The sequence of RGM249 shRNA was designed using a
Stealth RNAi designer (Invitrogen, Calif., USA), and a
vector (RGM249 shRNA-generating plasmid) for generat-
ing RGM249 shRNA was constructed using a BLOCK-it
Inducible H1 RNAi Entry Vector (Invitrogen, Calif., USA).
RGM249 shRNA is a small RNA designed to trigger RNAi
on RGM249 mRNA in a living organism.
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The base sequence of RGM249 mRNA is 5'-GGAAAAC-
UAAAAUGAGAGAAUGGGUGUCCAAGAGGA-
CAAGUUCAUGCUCACCCGGUGAUGAG
AGUUUGAUUGCAGAAUAAGGCUAGA-
CAAAGGGAAGCUGAACAUGACCAAAGCCAU-
GUGACAUC GUAUGAUCCUCGAAUCUCACA-
GUAUCUAUGUAUCUAUAAUCAGAUACAUCCCU-
AGACUUUCCA  GGAAUUCUGGUACUUCACGAG-
GAUGUGAGAAGACUCUGAACAAAAUAAUACA-
CUGCUCGUG-3' (SEQ ID NO:7). The sequence encoding
RGM249 shRNA in the top strand of the RGM249 shRNA-
generating plasmid is 5'-CACCGCAGAATAAGGCTAGA-
CAAAGCGAACTTTGTCTAGCCTTATTCTGC-3' (SEQ
ID NO:11). In the bottom strand, the sequence that forms a
double strand with the top strand is 5-AAAAGCA-
GAATAAGGCTAGACAAAGTTCGCTTTGTCTAGCCT-
TATTCTGC-3' (SEQ ID NO:12). FIG. 1A shows the sec-
ondary structure of RGM249 mRNA and the site targeted by
RGM249 shRNA.

The base sequence of RGM249 shRNA is 5-GCA-
GAAUAAGGCUAGACAAAGUUCGCUUUGUCUAGC-
CUUAUUCUGCGGUG-3' (SEQ ID NO:10). After tran-
scribed from the plasmid, a hairpin-like structure is assumed
to be formed (FIG. 1B). The underlines in the Figure
indicate the portions capable of forming a hydrogen bond. In
the base sequence of RGM249 shRNA, the sequence
complementary to part of RGM249 mRNA is 5'-CUUUGU-
CUAGCCUUAUUCUGC-3' (SEQ ID NO:8). The fragment
shown in SEQ ID NO:8 is assumed to form a hydrogen bond
with 5-GCAGAAUAAGGCUAGACAAAG-3' (SEQ ID
NO:9) in the base sequence of RGM249 shRNA to form a
hairpin-like structure. When RGM249 shRNA triggers
RNAI, the fragment shown in SEQ ID NO:8 is assumed to
hybridize with RGM249 mRNA. UUCG corresponds to a
loop. GGUG is assumed to occur as an overhang.

A vector (RGM249 m-1 shRNA-generating plasmid) for
expressing RGM249m-1 shRNA, which is RGM249 shRNA
lacking one of its thymines, was constructed. In the top
strand of the RGM249m-1 shRNA-generating plasmid, the
sequence encoding RGM249m-1 shRNA is 5'-CACCGCA-
GAATAAGGCTAGACAAAGCGAACTTTGTCAGCCTT-
ATTCTGC-3' (SEQ ID NO:13). In the bottom strand, the
sequence that forms a double strand with the top strand is
5'-AAAAGCAGAATAAGGCTGACAAAGTTCGCTTT-
GTCTAGCCTTATTCTGC-3' (SEQ ID NO:14). LacZ
shRNA was used as a control.

The base sequence of RGM249m-1 shRNA is 5-GCA-
GAAUAAGGCUGACAAAGUUCGCUUUGUCUAGC-
CUUAUUCUGCGGUG-3' (SEQ ID NO:15). Unlike the
base sequence shown in SEQ ID NO:10, the base sequence
shown in SEQ ID NO:15 lacks A that is the 14th residue
from the 5 end of SEQ ID NO:10. The sequence comple-
mentary to part of RGM249 mRNA is the same as in the case
of RGM249 shRNA.

(1-2) Tumor-Suppressive Effect of RGM249 shRNA

An athymic mouse was inoculated with an HLF cell in the
right flank by subcutaneous injection. The mouse was sub-
cutaneously injected with the RGM249 shRNA-generating
plasmid+DDS, the RGM249m-1 shRNA-generating plas-
mid+DDS, or an LacZ shRNA-generating plasmid+DDS in
the right flank every 5 days. The subcutaneous injection
contained several micrograms to several dozen micrograms
of the physiologically active substance per 1 mg of DDS and
was performed to the mouse weighing 20 to 30 g. Change in
tumor volume was examined (FIG. 1C). As a result,
RGM249 shRNA group showed a significant tumor-sup-
pressive effect compared to LacZ shRNA group 21 days

10

15

20

25

30

35

40

45

50

55

60

65

30

after administration. As the DDS (Drug Delivery System), a
cationized gelatin hydrogel (manufactured by MedGel) was
used. According to the manufacturer’s protocol, 100 nM of
the plasmid was mixed with 100 nM of the DDS. The
standard errors are shown in the graph. Data analysis was
performed by the Mann-Whitney test (n=5) (P<0.01).
RGM249 shRNA group showed a significant tumor-sup-
pressive effect compared to RGM249-m1 shRNA group and
LacZ shRNA group 4 weeks after the first administration
(P=0.034, P=0.021).

The three photographs in FIG. 1D show tumor volumes
that were visually observed when each plasmid was subcu-
taneously injected. About 28 days after subcutaneous injec-
tion, RGM249 shRNA group showed a suppressive effect of
80% on average. In RGM249m-1 shRNA group, the tumor
volume was suppressed to smaller than 50% on average.

(1-3) mRNA Expression-Suppressive Effect of RGM249
shRNA Administration

(1-3-1) Subcutaneous Administration

Thirty-five days after subcutaneous injection, the suppres-
sive effect on the expression of a gene that was expressed in
the tumor was examined (FIG. 2A). An miRNA was
extracted from the cell using an mirVana miRNA Isolation
kit, and the expression amount of the miRNA was deter-
mined using an Mir-X™ miRNA qRT-PCR SYBR® Kit. As
a result, administration of the RGM249 shRNA-generating
plasmid+DDS or the RGM249m-1 shRNA-generating plas-
mid+DDS significantly decreased the expression levels of
RGM249 mRNA and hTERT mRNA compared to the case
of LacZ shRNA (the P values for RGM249 mRNA and
hTERT mRNA were P=0.036 and P=0.025, respectively).
Data analysis was performed by the Mann-Whitney test. The
closed squares indicate RGM249 expression and the open
squares indicate hTERT mRNA expression.

(1-3-2) Administration into Caudal Vein

Twenty-eight days after intravenous injection of each
plasmid into the caudal vein, the suppressive effect on the
expression of a gene that was expressed in the tumor was
examined (FIG. 2B). As the DDS, atelocollagen (Atelo-
Gene™) (Jo, J., Yamamoto et al., J Nanosci Nanotechnol 6,
2853-2859 (2006), Takeshita et al., Mo/ Ther 18, 181-187
(2010).) was used. According to the manufacturer’s proto-
col, 100 uM of the plasmid was mixed with 100 uM of the
DDS. As a result, administration of the RGM249 shRNA-
generating plasmid+DDS significantly decreased the expres-
sion levels of RGM249 mRNA and hTERT mRNA com-
pared to the case of LacZ shRNA. Data analysis was
performed by the Mann-Whitney test (P<0.05). The closed
squares indicate RGM249 expression and the open squares
indicate h"TERT mRNA expression. Thus, the expression of
both RGM249 mRNA and hTERT mRNA in RGM249
shRNA group was significantly suppressed compared to
these in LacZ shRNA group (P=0.049 and 0.046, respec-
tively).

(1-4) Cancer Metastasis-Suppressive Effect of RGM249
shRNA Administration

Twenty-eight days after intravenous injection, visual
observation of intrahepatic and extrahepatic nodules was
performed. A carcinomatous nodule was visually observed
in the group with an HLF cell alone (data not shown) and
LacZ shRNA group. By microscopic observation, all the
mice had a metastatic nidus in the liver or the lung and one
mouse had a metastasis in the left kidney.

Visual observation of RGM249 shRNA group confirmed
only one of the mice to have a nodule in the liver (Table 1)
and only one of the mice to have a nodule in the kidney. As
a result, RGM249 shRNA group was shown to have sup-
pressed tumorigenesis and metastasis unlike the other
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groups. That is, in RGM249 shRNA group, intraperitoneal
carcinogenesis was suppressed by intravenous injection. It
was also shown that the injected, human-derived tumor was
treated by targeting the human-specific RGM249 mRNA.

TABLE 1
Intrahepatic Extrahepatic
nodules nodules total
LacZ shRNA 3 5 8
RGM249-m1 shRNA 3 5 8
RGM249 shRNA 1 1 2

From these results, degradation of RGM249 mRNA by an
RNAI effect was shown to be effective in cancer suppres-
sion, tumor reduction, hTERT mRNA reduction, and cancer
metastasis suppression. This suggests that RGM249 mRNA
affected cancer via a certain mechanism. RGM249m-1
shRNA had similar effects to, but slightly lower than, these
of RGM249 shRNA, such as a cancer-suppressive effect.
Next, the effects, on cancer, of miRNAs produced by
RGM249 mRNA and siRNAs corresponding to the miRNAs
were studied.

Example 2

Evaluation of Three siRNAs in Terms of Cancer
Cell Proliferation Suppression and of Influence on
Undifferentiation Marker

(2-1) Construction of miR-47 siRNA, miR-101 siRNA,
and miR-197 siRNA

RGM249 was linked to a pRNAT-U6.1/neo vector (Gen-
Script USA Inc., New Jersey, U.S.A.). RGM249 mRNA was
produced using T7 RNA polymerase and was digested with
a Dicer Enzyme (Genlantis Inc., California, U.S.A.). The
miRNAs were fractionated using an mirVANA miRNA
isolation kit (Ambion Japan, Tokyo, Japan) and were then
purified using an miRNA isolation kit (Wako Pure Chemical
Industries, Ltd., Tokyo, Japan) that adopts anti human Ago2
beads or using no antibody against Ago2 in case that the
small RNAs were not successfully bonded to Ago2. The
small RNAs thus digested were cloned using an miRCAT-
microRNA cloning kit (Integrated DNA Technologies, Inc.,
TIowa, U.S.A.) and were sequenced using a TOPO vector
(Invitrogen Ltd., California, U.S.A.), followed by prediction
of the secondary structures (http://rna.tbi.univie.ac.at/cgi-
bin/RNAfold.cgi). Sequence homology among these small
RNAs was studied using miRBase. Thus, three miRNAs,
miR-47, miR-101, and miR-197, were obtained. FIG. 3A
shows RGM249 mRNA as an miRNA precursor gene and
the sites in the interior thereof corresponding to the three
miRNAs.

The base sequence of miR-47 is 5'-CUCACCCG-
GUGAUGAGAGUUUGAUU-3' (SEQ ID NO:16), the base
sequence of miR-101 is 5-AACAUGACCAAAGCCAU-
GUG-3' (SEQ ID NO:17), and the base sequence of miR-
197 is 5-GUACUUCACGAGGAUGUG-3' (SEQ ID
NO:18).

Production of constructs (shRNAs) that were to produce
siRNAs corresponding to the three miRNAs was performed
using pRNATin-H1.4/Lenti. The three siRNAs (miR-47
siRNA, miR-101 siRNA, and miR-197 siRNA) were syn-
thesized using an siRNA designer from Invitrogen Ltd. FIG.
3B shows an estimated secondary structure of each siRNA.
In the base sequence of miR-47 siRNA, the sense strand is
5'-CUCACCCGGUGAUGAGAGUUUGA-3' (SEQ 1D
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NO:4) and the antisense strand is 5'-AAUCAAACUCU-
CACCGGGUGAG-3' (SEQ ID NO:1). In the base sequence
of miR-101 siRNA, the sense strand is 5'-AACAUGAC-
CAAAGCCCAUGUGUU-3' (SEQ ID NO:19) and the anti-
sense strand is 5'-CACAUGGCUUUGGUCAUGUU-3'
(SEQ ID NO:2). The sense strand of miR-101 siRNA has
two thymine bases protruding at the 3' end. The sequence
without the two bases is 5~AACAUGACCAAAGCCCAU-
GUG-3' (SEQ ID NO:5). In the base sequence of miR-197
siRNA, the sense strand is 5'-GUACUUCACGAGGAUGU-
GUU-3' (SEQ ID NO:20) and the antisense strand is 5'-CA-
CAUCCUCGUGAAGUAC-3' (SEQ ID NO:3). The sense
strand of miR-197 siRNA has two thymine bases protruding
at the 3' end. The sequence without the two bases is
5'-GUACUUCACGAGGAUGUG-3' (SEQ ID NO:6). FIG.
3C compares the sequences of the three miRNAs and of the
antisense strands of the three siRNAs.

(2-2) Cell Proliferation-Suppressive Effect

HMV-I that highly expressed RGM249 was transfected
with 50 nM of miR-47 siRNA, miR-101 siRNA, miR-197
siRNA, or a mixture of these (mixture of the three siRNAs).
In transfection, an FuGene kit (manufactured by Roche
Corporation) was used. Twenty-four hours after transfection,
a transformant was collected.

Cells were counted, and as a result, a slight cancer cell
proliferation-suppressive effect was observed when each
siRNA was used alone, unlike the case of a DDS-treated
control cell (FIG. 3D). A remarkable cancer cell prolifera-
tion-suppressive effect was observed when the mixture of
the three siRNAs was transfected, which was presumably
resulted from the synergy among the three siRNAs. The
same effect was not observed when two of the siRNAs were
used in combination, which is presumably because use of
only two of these hardly generated the synergy and rather
weakened the cancer cell proliferation-suppressive effect
due to the lower concentration of each.

Thus, it is strongly suggested that inhibition of the three
miRNAs exhibits a cancer cell proliferation-suppressive
effect. This is consistent with the results of Example 1. It is
assumed that a living organism has a mechanism where
RGM249 mRNA degrades into the three miRNAs, which
then affect cancer. The three siRNAs presumably shut down
the mechanism and exhibited a cancer cell proliferation-
suppressive effect.

(2-3) Change in miRNA Expression Level Caused by
siRNA

The HMV-I into which the three siRNAs were transfected
at the same time as a mixture in (2-2) was subjected to RNA
extraction, and the expression levels of miR-47, miR-101,
and miR-197 were examined (FIG. 3E).

(2-4) Change in Undifferentiation Marker Amount
Caused by siRNA

The transcription-expression profiles of the transformants
were evaluated in terms of genes involved in cancer
(hTERT, c-Myec, p53), multipotency (Oct4, Sox2, K1f4), and
stemness (PROM1) (FIG. 3F). When the mixture of the three
siRNAs was used, Oct4, Sox2, hTERT, and p53 genes were
upregulated by treatment with the mixture of the three
siRNAs, while c-Myc and K1f4 genes were downregulated.
No influence was observed on PROMI1. miR-47 siRNA
upregulated Oct3/4 and hTERT genes and downregulated
c-Myc and Kl1f4 genes. In FIG. 3D, * indicates that there is
a significant difference in mRNA expression compared to
the case of -actin mRNA.

Thus, use of miR-47 siRNA upregulated expression of an
undifferentiation marker (Oct3/4), and therefore it is
assumed that the HMV-I had been subjected to conversion



US 9,476,041 B2

33

into an undifferentiated state or at least to induction of an
undifferentiated state. c-Myc, which is a cancer gene, was
downregulated, which presumably indicates that canceration
is suppressed in a cell where an undifferentiated state has

34
3). As a result, intravenous administration of the mixture of
the three siRNAs+DDS significantly induced an anti-metas-
tasis effect in the HMV-1 cell (P<0.05 for both the lung and
the liver). Little metastasis was observed in the liver and the

been induced. 5 lung, and only one mouse was observed to have intraperi-
When the mixture of the three siRNAs was used, expres- toneal metastasis.
sion of two undifferentiation markers (Oct3/4, Sox2) was
upregulated, c-Myc was downregulated as in the case of TABLE 3
miR-47 siRNA, and p53, which is a cancer suppressor gene,
was upregulated. This suggests that canceration in terms of 10 b) Metastatic suppressive effect of siRNAs on
. . mice delivered HMV-I systemically
both c-Myc and p53 is suppressed in a cell where an
undifferentiated state has been induced. 1o RNAs
Thus, the three miRNAs are suggested to be involved in mean + S.E. 3 siRNA for miRNAs (i.v.)
cancer and differentiation mechanisms. Additionally, the metastasis (range) mean x S.E. (range) P value
three siRNAs are suggested to have a cancer-suppressive 15 [, 20£05(0-3) 00 (0 forall) 0.018
function and a cancer cell-reprogramming function. Next, intraperitoneum 3.8 = 1.5 (0-8) 0.2 = 0.2 (0-1) 0.044
cancer suppression and cancer cell reprogramming were liver 52x22(0-13  0=0(0 forall) 0.005
examined in further detail by administering the siRNAs to a
mouse. Thus, administration of the mixture of the three siRNAs
20 to a mouse is shown to significantly suppress cancer prolif-
Example 3 eration and metastasis.
Administration of Mixture of Three siRNAs to Example 4
Mouse and Evaluation of Anti-Tumor Action
25 Administration of Mixture of Three siRNAs to
(3-1) Subcutaneous Administration of siRNAs Mouse and Evaluation of Expression Level of
Subcutaneous administration of a mixture of the three Undifferentiation Marker
siRNAs+DDS showed suppression of HMV-I cell prolifera-
tion unlike administration of a control containing DDS alone (4-1) Method for Evaluating miRNA and mRNA Expres-
(P<0.01 in the Kruskal-Wallis test, n=5)(FIG. 4). An athy- 30 gion Levels in Tumor
mic mouse was used in the test. As the DDS, atelocollagen The expression levels of miR-47, miR-101, and miR-197
(AteloGene™) was used. According to the manufacturer’s in a tumor treated with the siRNAs were evaluated as
protocol, 100 uM of the mixture of the three siRNAs was follows. The miRNAs were extracted from a cell or tissue
mixed with 100 uM of the DDS. In FIG. 4, the photographs  ysing an mirVana miRNA Isolation kit, and were then
at the top show subcutaneous injection of RNA-free atelo- 35 examined for their expression amounts using an Mir-X™
collagen (mock), while the photographs at the bottom show  1iRNA qRT-PCR SYBR® Kit so as to evaluate the sup-
subcutaneous injection of the mixture of the three siRNAs+ pressive effects of the siRNAs on the expression of the
DDS. * indicates that there is a significant difference miRNAs and change in the expression amounts of the
(P<0.01) between RNA-free injection and siRNA injection. miRNAs.
In a control mouse, a plurality of nodules were observed in 40 Table 4 shows the sequence of a primer set used in mRNA
the lung (15.8+1.9 nodules) and in the peritoneum (0.8+0.6 quantification. Western blotting was performed using an
nodules) (Table 2). Some intraperitoneal and postperitoneal i-Blot gel transfer system. Antibodies (an anti-hTERT anti-
metastatic nidi were observed, and subcutaneous invasion body, an anti-p53 antibody, an anti-c-Myc antibody, an
was also observed. anti-Oct4 antibody, and an anti-PROMI1 antibody) were
45 diluted 1:500, while an anti-f-actin antibody was diluted
TABLE 2 1:1000. Chemiluminescence signal detection was performed
) ) ) within 1 minute using an LAS-4000.
a) Metastatic suppressive effect of siRNAs
on mice inoculated with HMV-1
TABLE 4
mock 3 miRNAs (s.c.) P 50
metastasis mean = S.E. (range) mean = S.E. (range) value Primer Sequence SEQ ID NO:
lung 15.8 = 1.9 (10-20) 20 =04 (0-3)  0.008 oct4 5' - CGGAAAGAGARAGCGAACCA-3' 21
intraperitoneum 0.8 = 0.6 (0-5) 0 NS. 5'-CGGACCACATCCTTCTCCAG-3 ! 22
postperitoneum 1.2 £ 1.0 (0-1) 0 N.S.
liver 0 0 NS. 55 NANOG 5' - CAGAAGGCCTCAGCACCTAC-3! 23
subcutaneous invasion 0.2 = 0.2 (1-3) 0 0.005 5'-ACTGGATGTTCTGGGTCTGG-3"' 24
Sox2 5' - CAAGATGCACAACTCGGAGA-3' 25
(3-2) Intravenous Administration of siRNAs 5' - CGGGGCCGGTATTTATAATC-3 " 26
From 1 week after HLF cell inoculation, an athymic
: - : : K1£4 5' - ARACTGACCCTCCTCCAGRT-3 " 27
mouse was intravenously injected every week with a mix- 60 E 1 TEOTTTGCTCCAGGARCTTT - 3 e
ture of the three siRNAs+DDS. The injection was achieved
with 200 pl containing 1x107 cells per mouse. As the DDS, hTERT 5' -GTGCACCAACATCTACAAGATCC-3! 29
atelocollagen (AteloGene™) was used. According to the 5" -GTTCTTCCAAACTTGCTGATG-3" 30
manufacturer’s protocol, 100 uM of the mixture of the three c-Myc 5 GCCAGAGGAGGARCGAGCTA. 3" 21
siRNAs was mixed with 100 IJ,M of the DDS. TWenty-eight 65 5' - TGCACGCGACAGGATGTATGC-3 " 22

days later, the animal was sacrificed, followed by examina-
tion of a tumor in the liver and peritoneal metastasis (Table
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TABLE 4-continued

Primer Sequence SEQ ID NO:
P53 5'-GCTTCGAGATGTTCCGAGAG-3' 33

5' -TTATGGCGGGAGGTAGACTG-3! 34
PROM1 5' -TGGCAACGTAGTGACTCAGG-3' 35

5' -ACAGGAAGGGAGGGAGTCAT-3! 36
CD44 5' -AAGGTGGAGCAAACACAACC-3! 37

5'-GCTTTTTCTTCTGCCCACAC-3! 38
RGM249 5'-TGGTACTTCACGAGGATGTGA-3"' 39

5'-CCTGCCTCCTGAGTCTTCTG-3"! 40

(4-1-1) Subcutaneous Administration

Subcutaneous xenografting was performed to verify the
suppressive effect on the three miRNAs, by inoculating
1x107 HMV-I cells into the right flank. An impalpable tumor
was confirmed 7 days after inoculation. Ten mice were
randomly divided into two groups, and thereto, a mixture
(100 uM) of the three siRNAs (n=5) or the same amount of
a DDS (n=5) was administered. The cells transfected with
the mixture of the three siRNAs showed suppressed prolif-
eration in vitro. Five weeks later, the mice were sacrificed
for tumor analysis. The tumor volume was evaluated by the
equation; volume=n/6xwidthxlengthxheight.

(4-1-2) Administration into Caudal Vein

An athymic mouse was injected with an HMV-I cell
(1x107 cells) in the caudal vein, and 1 week later, was treated
with a siRNA mixture (400 uM) or a DDS. Administration
of the siRNA mixture or the DDS was performed every
week, and 5 weeks later, the tumor volume or metastasis was
examined. All the mice were stored and were raised in
Japanese Association for Accreditation for Laboratory Ani-
mal Care-approved facilities. Animal experiments and han-
dling were performed in strict compliance with the federal
Institutional Animal Care and Use Committee guidelines.

As shown in FIG. 5A, a tumor was divided into parts for
evaluation: 1 refers to the external part, 2 refers to the
internal part, and 3 refers to the central part. Due to its fragile
nature, the tumor was divided in a rough manner.

(4-2) Evaluation Result of miRNA Expression Level in
Tumor

After RNA in the tumor was quantified and was
sequenced with high reproducibility, the suppressive effects
of the mixture of the three siRNAs on the expression of
miR-47, miR-101, and miR-197 were evaluated. The results
are shown in FIG. 5B. Data analysis was performed by the
Kruskal-Wallis test (n=5). * indicates that there is a signifi-
cant difference (P<0.01) in miRNA expression level com-
pared to the case in a DDS-treated tumor. The amounts of the
three miRNAs showed a tendency to decrease with the
administration of the mixture of the three siRNAs.

(4-3) Hematoxylin-Eosin Staining

FIG. 5C shows the results of microscopic examination
(HE (hematoxylin-eosin staining); x400) of the tumor result-
ing from (4-1-2). A control is shown at the top and the tumor
treated with the siRNAs is shown at the bottom. In the
HMV-I cell, the tumor treated with the siRNAs became
smaller and died of necrosis caused by fibrosis, and neo-
vascularization was suppressed.

(4-4) Evaluation Result of Expression Level of Undiffer-
entiation Marker in Tumor

FIG. 5D shows the results of examination of the tran-
scription levels of genes related to a tumor, differentiation,
and pluripotency in the tumor resulting from (4-1-2) (*:
P<0.05, **: P<0.01). Oct4, K1f4, p53, hTERT, PROMI, and
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Sox2 are presumably involved in pluripotency, tumorigen-
esis, or cancer stemness. The 2722 method was used for the
comparison with f-actin mRNA expression. In FIG. 5D,
Chntl refers to a control (DDS alone) and 3 mix refers to the
mixture of the three siRNAs+DDS. As a result, the mixture
of the three siRNAs induced increases in p53 and Sox2
mRNAs and decreases in h"TERT, PROM1, Oct3/4, and K14
mRNAs.

Thus, administration of the mixture of the three siRNAs
to a mouse was shown to down-regulate the three miRNAs
and upregulate Sox2, which is an undifferentiation marker,
and p53, which is a cancer suppressor gene. Next, cancer
cell reprogramming was examined in further detail by an
immunohistochemical test.

Example 5

Cancer Cell Reprogramming and iPS Cell
Evaluation

(5-1) miRNA-197 Suppression and Evaluation of Hsa-
Mir-520d Upregulation

A 293FT cell was transfected with miR-197 siRNA using
an FuGene kit (manufactured by Roche Corporation), fol-
lowed by microscopic observation (FIG. 6A). A human
fibroblast (T1G-1-20) was infected with hsa-mir-520d (Ac-
cession: MI0003164) using a viral vector (pMIRNAL,
manufactured by System Biosciences: SBI Inc.), followed
by microscopic observation. hsa-mir-520d is an miRNA that
is subjected to upregulation by RGM249 shRNA transfec-
tion (A noncoding RNA gene on chromosome 10p15.3 may
function upstream of hTERT. Miura et al., BMC Mol. Biol.
2009 Feb. 2; 10:5). The base sequence of hsa-mir-520d
expressed by the viral vector is 5'-UCUCAAGCUGUGA-
GUCUACAAAGGGAAGCCCUUUCUGUUGUC-
UAAAAGAAAAGAAAGUGCU UCUCUUUG-
GUGGGUUACGGUUUGAGA-3' (SEQ ID NO:43). An
estimated secondary structure thereof is shown in FIG. 6B.
In the sequence, the sequence corresponding to the guide
strand is 5-UCUACAAAGGGAAGCCCUUUCUG-3'
(SEQ ID NO:41) and the sequence corresponding to the
passenger strand is 5-AAAGUGCUUCUCUUUG-
GUGGGU-3' (SEQ ID NO:42).

The expression amounts of miR-197 siRNA and hsa-mir-
520d were evaluated by detecting a GFP protein expressed
in each RNA strand. At the top in FIG. 6A, a photograph
(magnification: 40 times) of a cell treated with miR-197
siRNA is shown. After round cells emerged into the medium,
the medium was replaced with a medium for ES cells
(ReproCELL Incorporated), followed by observation. At the
bottom, a photograph (magnification: 100 times) of a cell
treated with hsa-mir-520d is shown. Thus, the expression of
miR-197 siRNA and hsa-mir-520d was confirmed. In this
way, miRNA-197 suppression or hsa-mir-520d upregulation
was performed.

(5-2) Evaluation of Expression Amount of Undifferentia-
tion Marker after miR-197 siRNA Administration

FIG. 6C shows the results of microscopic immunohisto-
chemical observation of the 293FT cell (human fetal kidney
cell line) transfected with miR-197 siRNA. FIG. 6C shows
detection of Oct4 and NANOG, which are undifferentiation
markers. The upper three (0 hr) are microscopic photographs
(magnification: 40 times) of an untransfected 293FT cell.
The results of unstaining are shown in the left column, ones
of rhodamine staining with an anti-Oct4 antibody are shown
in the center column, and ones of rhodamine staining with
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an anti-NANOG antibody are shown in the right column.
Staining of the cell was performed for 1 week for each.

The center three (24 hrs) are microscopic immunohisto-
chemical photographs of a cell in an undifferentiated state
taken 24 hours after induction by miR-197 siRNA. The
lower three (48 hrs) are microscopic immunohistochemical
photographs taken in the same manner 48 hours after that.
Oct4d (center column, magnification: 100 times) and
NANOG (right column, magnification: 200 times) were
strongly expressed.

According to these results, the 293FT cell treated with
miR-197 siRNA expressed Oct4 or NANOG and therefore
was presumably reprogrammed to become an iPS cell. The
efficiency thereof was excellent because 10° cells produced
about 20 to 100 iPS cells. The 293FT cell adopted the same
shape as that of a typical ES cell or iPS cell. The undiffer-
entiated state was still maintained after 7 days in the
medium. The 293FT cell that became an iPS cell was
successfully cultured in a culture medium for ES cells and
was also adequately cultured in a general culture medium. A
feeder cell was not necessary; collagen or Matrigel was
adequately used to coat the culture surface.

(5-3) Evaluation of Expression Amount of Undifferentia-
tion Marker after Hsa-Mir-520d Administration

Various cancer cells were infected with hsa-mir-520d via
a viral vector (pMIRNA1, manufactured by System Biosci-
ences: SBI Inc.) so as to achieve forced expression. Subse-
quently, the expression amounts of undifferentiation markers
were observed in the same manner as in the immunohisto-
chemical test above. The results are shown in FIG. 6D, FIG.
6E, and FIG. 6F. The cancer cells used were an HT1080 cell
(human fibrosarcoma cell line), a T98G cell (human glioma
cell line), a PK-45p cell (human pancreatic cancer cell line),
an HMV-I cell (human malignant melanoma cell line), and
an HLF cell (human hepatoma cell line). The HMV-I cell
and the HLF cell expressed undifferentiation marker, Oct4
or NANOG.

According to these results, the cancer cell treated with
hsa-mir-520d was presumably reprogrammed to become an
iPS cell. The cancer cell that underwent forced expression of
hsa-mir-520d adopted the same shape as that of a typical ES
cell or iPS cell.

(5-4) Evaluation of Expression Amounts of Various Genes
in iPS Cell Produced and Comparison Thereof with Those in
hiPSC

FIG. 7A shows the transcription amounts of various genes
in the iPS cell thus produced. The transcription amounts of
the genes were the same between the 293FT cell treated with
miR-197 siRNA and the 293FT cell overexpressing hsa-mir-
520d. FIG. 7A compares the transcription amounts in these
two cells with the expression amounts in an hiPSC
(HPS0002 253G1)(‘Generation of mouse-induced pluripo-
tent stem cells with plasmid vectors.” Okita et al., Nat Protoc
5, 418-428 (2010).). The transcription levels were deter-
mined by one-step real-time RT-qPCR. In the Figure, the
expression amount in the hiPSC is regarded as 0. The
transcription amounts yielded 48 hours after transfection or
infection of the 293FT cell in a medium for 293FT cells are
shown at the top, and at the bottom, the transcription
amounts after maintaining in a medium for ES cells for
another 2 weeks are shown.

Forty-eight hours after transfection or infection, Oct4,
p53, and RGM249 mRNA were expressed at higher levels
than in the hiPSC. After maintaining in the medium for ES
cells for another 2 weeks, RGM249 mRNA alone was
expressed at a higher level, while the expression amounts of
the other genes were about the same as in the hiPSC.
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FIG. 7B shows the results of two-step real-time RT-qPCR
(n=5) evaluation of the relation between the hiPSC and the
293FT cell for their expression levels of the miRNAs, that
is, miRNA-197 and hsa-mir-520d. The panel on the left
shows the expression amount of hsa-mir-520d; from the left,
the hiPSC, the 293FT cell overexpressing hsa-mir-520d, the
293FT cell treated with miR-197 siRNA, and a 293FT cell.
The panel on the right shows the expression amount of
miRNA-197. Thus, miRNA-197 silencing and mir-520d
overexpression in the transformants were confirmed.

The panel on the left indicates that the expression amount
of hsa-mir-520d in the iPS cell produced was similar to that
in the hiPSC, while the expression amount of hsa-mir-520d
in the 293FT cell was significantly downregulated. The
panel on the right indicates that the expression of miRNA-
197 in the iPS cell produced was as low as that in the hiPSC,
while the expression of miRNA-197 in the 293FT cell was
10 times as greater as that in the other cells.

Example 6
Experimental Method and Result for Hsa-Mir-520d

(6-1) Cell

For evaluating the effect of hsa-mir-520d expression in
vitro and in vivo, a plurality of cell lines and a lentiviral
vector were used. 293FT, which is a human mesangial cell
line, was provided from Invitrogen Japan K.K. (Tokyo,
Japan) and was cultured in a Dulbecco modified Eagle
medium supplemented with 10% FBS, a 0.1-mM MEM
non-essential amino acid solution, 2-mM L-glutamine, and
1% penicillin/streptomycin. A human immature or undiffer-
entiated liver cell line (HLF) that strongly expresses
RGM249 and a well-differentiated hepatoma cell line
(Huh7) that weakly expresses RGM249 were purchased
from American Type Culture Collection and were cultured in
an RPMI medium supplemented with 10% FBS and 1%
penicillin/streptomycin. For maintaining an undifferentiated
state of a cell transformed by a virus, the cell was cultured
in a ReproStem medium (ReproCell Incorporated, Tokyo,
Japan) containing 5-ng/ml bFGF-2. A human induced pluri-
potent stem cell (HPS0001, HPS0002) was provided from
Riken Bioresource Center Cell Bank.

(6-2) Construction and Transfection of Lentiviral Vector

A 293FT cell (5x10° cells per 10-cm culture plate) was
transfected with pMIRNA1-mir-520d/GFP (20 pg) (System
Biosciences, Inc., Mountain View, U.S.A.) or pCDH as a
mock vector (20 pg). Centrifugation was performed at 4° C.
for 120 minutes at 170000xg to recover virus particles in the
supernatant, and the virus pellet thus recovered was sub-
jected to titer measurement using a Lenti-XTM (trademark)
gqRT-PCR titration kit (Clontech Corporation, California,
U.S.A)). Lentivirus infection of the 293FT cell or the HLF
cell was performed using a million viruses per 10-cm culture
plate. RGM249miRNA-197 siRNA as a positive control was
designed using a Stealth RNAi designer (https://rnaidesign-
er.invitrogen.com/rnaiexpress/), and 50 nM of the synthetic
oligonucleotide thereof was transfected into a 293FT cell
using an FuGENE HD transfection reagent (Roche Diag-
nostics, Basel, Switzerland). So as to confirm the induction
of differentiation of the 520d-HLF cell into an osteoblast, the
cell was treated for a week in an ordinary RPMI1640
medium supplemented with 2-M purmorphamine.

(6-3) Immunodeficient Mouse and In Vivo Test Method

The HLF infected with a lentivirus was recovered, and
each mouse was intraperitoneally and subcutaneously (in the
right flank) inoculated with 5x107 HLF cells. The injection
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was achieved with 200 pul in volume. A 6-week-old immu-
nodeficient mouse (KSN/Slc) (SHIMIZU Laboratory Sup-
plies Co., Ltd., Kyoto, Japan) was fed for 4 weeks in the
usual way. The KSN/Slc mouse was anesthetized by intra-
peritoneally injecting Nembutal at 100 mg/kg and was
sacrificed for anatomical and histological examination. Sub-
cutaneous xenografting was performed to verify the sup-
pressive effect of hsa-mir-520d. Volume evaluation was
performed by the equation; volume=mn/6xwidthxlengthx
height. All the animals were stored and were raised in
Japanese Association for Accreditation for Laboratory Ani-
mal Care-approved facilities. Animal research and handling
were performed in strict compliance with guidelines of The
Institutional Animal Care and Use Committee.

(6-4) RT-PCR

From a cultured cell or homogenized mouse tissue, total
RNA containing a small RNA fraction was extracted using
an mirVana miRNA separation kit (Ambion Corporation,
Austin, U.S.A.). A mature miRNA was quantified using an
Mir-X (trademark) miRNA gRT-PCR SYBR (registered
trademark) kit (Clontech Corporation, Mountain View,
U.S.A)) according to the manufacturer’s manual (Clontech).
U6 small nuclear RNA was used as an internal control. The
total RNA (50 ng/ul) was subjected to reverse transcription
and amplification using a OneStep RT-PCR kit (Qiagen
K.K., Tokyo, Japan). PCR analysis and data collection and
analysis were performed using a LineGene (Toyobo Co.,
Ltd., Nagoya, Japan). An expression level in a sample was
determined using a calibration-curve method (the 2724
method). All data (except for the one for hTERT) was
standardized relative to B-actin as an internal control. Esti-
mation for h\TERT was performed based on the copy number
by a quantitative method previously developed by the inven-
tors of the present invention. The RNA quantification was
verified by sequencing with high reproducibility. An miRNA
(25 ng/ul) was quantified using an Mir-X miRNA qRT-PCR
SYBR kit (Takara Bio Inc., Tokyo, Japan). In order to
confirm suppression by an siRNA, change in miRNA
expression was evaluated. Table 4 shows the sequence of a
primer for mRNA or miRNA quantification. A significant
difference is shown as *: P<0.05 or **: P<0.01.

(6-5) Western Blotting

Western blotting analysis was performed using 20 ng/ul of
a protein and an i-Blot gel transfer system. According to the
manufacturer’s manual, antibodies (an anti-hTERT anti-
body, an anti-p53 antibody, an anti-Oct4 antibody, an anti-
DICERI1 antibody, an anti-AID antibody, an anti-Alb anti-
body, and an anti-GFAP antibody) except for an anti-f-actin
antibody were diluted 1:500, while an anti-p-actin antibody
was diluted 1:1,000. Chemiluminescence signal detection
was performed within 1 minute using an LLAS-4000 (Fujif-
ilm Corporation, Tokyo, Japan).

(6-6) Immunocytochemistry

Immunohistochemical examination was performed
according to the manufacturer’s manual (R&D Systems,
Inc., Minneapolis, U.S.A.) using a pluripotent stem cell
marker (an anti-Oct3/4 antibody and an anti-NANOG anti-
body) and Embryonic Stem Cell Marker Antibody Panel.
The 293FT cell and the HLF cell were transfected or
infected with a lentivirus particle containing an siRNA
corresponding to miRNA-197 or has-mir-520d. A floating
transfectant (that is, a transfected cell) was recovered to be
transferred to another culture plate for microscopic obser-
vation or to a slide chamber for immunostaining. Huh7 was
treated in the same manner as for 293FT and HLF for
immunocytochemical examination.

(6-7) Immunohistochemistry

A liver tissue preparation that had been fixed in 4%
paraform-aldehyde was treated by a conventional procedure
for immunohistochemical analysis. Monoclonal antibodies
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used in the analysis were as follows: an anti-albumin anti-
body (Sigma Corporation, St. Louis, U.S.A.), an anti-AFP
antibody (Sigma Corporation), and an anti-GFAP antibody
(Sigma Corporation). For a negative control, no primary
antibody was used in staining. The extent of expression was
evaluated by a pathologist.

(6-8) Cell Cycle Analysis

For cell cycle analysis, a single-cell suspension was
washed once with cold PBS. The tube was then gently
shaken to loosen the cell pellet, and thereto 3.7% formalin
in ddH20 was added dropwise for fixation. The cell was
incubated at —20° C. for at least overnight. After fixation, the
cell was washed twice with cold PBS to remove EtOH.
Subsequently, the cell was resuspended in PBS containing
100-U/ml RNaseA so as to achieve 1x10° cells/ml and was
incubated at 37° C. for 50 minutes. Thereto, 50 pg/ml of
propidium iodide was directly added, followed by incuba-
tion on ice for 40 minutes shielded from light. The DNA
content was evaluated using a flow cytometer (EPICS
ALTRA; Beckman Coulter Corporation) on which EXP0O32
ADC analysis software was mounted. The DNA content
evaluation was performed with about 20000 events after
transfection of pMIRNA1-mir-520d/GFP clone. A GFP-
positive cell was fractionated (sorted) using an Moflo XDP
cell sorter (EPICS ALTRA, Beckman Coulter Corporation).

(6-9) Histological Examination

The tumor volume and pulmonary, hepatic, intraperito-
neal, and retroperitoneal metastasis of cancer were exam-
ined or measured by a dissecting microscope equipped with
a bright-field imaging function or by the naked eye. After
fixed in a 10% buffered formalin solution overnight and
washed with PBS, a tissue sample was transferred to 70%
ethanol, where it was embedded in paraffin and was sliced,
followed by hematoxylin and eosin staining.

(6-10) Detection of Fluorescence in Cell

A multiplicity of infection with the lentivirus mir-520d
expression vector was evaluated by detecting green fluores-
cence.

(6-11) Statistical Analysis

Three groups (a control group, a mock group, and mir-
520d group) were compared using the Mann-Whitney U test
that has a single observed variable and regards P<0.05 as
significant. * indicates P<0.05 and ** indicates P<0.01.

(6-12) Results

(6-12-1) In Vitro Test Adopting Infection of 293FT Cell
with has-Mir-520d Virus

Change in phenotype was microscopically evaluated.
FIG. 8A shows a floating cell population that emerged after
introduction of has-mir-520d into the 293FT cell via the
virus. A GFP-positive floating cell (FIG. 8A(a)) was cultured
in a feeder cell-free medium for ES cells, and proliferation
of a transfectant that expressed GFP was observed in a
time-lapse mode (FIG. 8 A(c)). The 293FT cell infected with
the has-mir-520d virus formed a sheet-like layer within 24
hours. Conversion into a stem cell was immunocytochemi-
cally confirmed (FIG. 8B). The GFP-positive cell was
strongly stained with an anti-Oct4 antibody. Three days to 1
week later, the cell grew to form a larger colony, maintaining
an NANOG-positive state (FIG. 8C). The transfectant was
evaluated for its gene expression by RT-PCR, Western blot,
and quantitative miRNA RT-PCR.

Compared to a human induced pluripotent stem cell
(hiPSC) or the transfectant with RGM249 miRNA197
siRNA, 293FT (520d-293FT) that overexpressed has-mir-
520d underwent stronger upregulation of transcription of
p53 and RGM249 and weaker expression of Oct4d and
hTERT. Upregulation of p53, RGM249, and Oct4 was
stronger than that in 293FT, and hTERT expression was at
the same level as that in the 293FT (FIG. 9A). In the floating
520d-293FT, upregulation of transcription of p53 and Oct4
was stronger than that in a human induced pluripotent stem
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cell (hiPSC), and hTERT expression was at the same level
as that in a human induced pluripotent stem cell (hiPSC).
Upregulation of p53 and Oct4 was stronger than that in
293FT (0 day), and hTERT expression was at the same level
as that in the 293FT (0 day) (FIG. 9B). Dicerl was upregu-
lated, suggesting 520d needs Dicerl as it matures. After
confirming has-mir-520d overexpression in the 520d-293FT
and RGM249miRNA-197 suppression in the transfectant
with RGM249miRNA-197 siRNA, RGM249miRNA-197
expression was at the same level as that in an hiPSC. By
treatment with the two oligonucleotides, the 293FT cell was
induced to a significant extent to become a cell that
expressed the miRNAs at the same levels as in an hiPSC
(FIG. 9C). Overexpression of has-mir-520d resulted in
RGM249miRNA-197 downregulation (FIG. 9D). After
infected with the has-mir-520d virus, the 293FT as an
adherent cell or a floating cell in the medium consistently
expressed mir-520d. The multiplicity of viral infection was
99.2% or higher (data is not shown) as determined by sorting
of the GFP-positive cell, suggesting its availability as mate-
rials for in vivo use. Cell cycle analysis indicated that the
520d-293FT had a higher GO-phase proportion and a lower
S-phase proportion than the 293FT and 293FT (mock-
293FT) infected with the mock virus (FIG. 10A). In the
520d-293FT cell, epigenetic markers (HDAC: histone
deacetylase, Sin3A, and MBD3: methyl-CpG-binding
domain protein 3) were maintained at significantly higher
levels (P<0.01) than in the mock-293FT, while DNMT1
(DNA (cytosine-5)-methyltransferase) was at about the
same level as in the 293FT or the mock-293FT (FIG. 10B).

(6-12-2) In Vitro Test Adopting Infection of HLF Cell
with has-Mir-520d Virus

An HLF cell (hereinafter, sometimes called “520d-HLF")
that had received an has-mir-520d expression vector was
converted into a new cell population of 20 to 50 cells per
10-cm plate. FIG. 11A (upper left) shows the morphological
change. The cell expressed GFP (upper right) and a pluri-
potency marker (lower right). Transcription of Oct4 and
NANOG was upregulated, while that of RGM249, CD44,
Alb, and p53 was downregulated significantly (**: P<0.01 in
FIG. 11B). In an invasion assay, most of the pluripotency
marker-positive cells did not pass through a fibronectin
membrane (5 pg/ml per 6-well plate), while a mock-HLF
cell easily passed through it (FIG. 11C). Western blotting
indicated Oct4 and p53 upregulation. In the has-mir-520d-
expressing HLF (520d-HLF) cell, DICER1 was suppressed
(FIG. 11D). In the 520d-HLF cell, methylation markers
(HDAC, Sin3A, and MBD3) were maintained at signifi-
cantly lower levels (P<0.01) than in the mock-HLF cell
(FIG. 11B). Cell cycle analysis indicated that the 520d-HLF
cell had a higher S-phase proportion and a lower GO-phase
proportion than the mock-HLF (FIG. 12A). The 520d-HLF
cell obtained by culturing 10 clones of the HLF cell that
stably expressed mir-520d for a month in a medium for ES
cells underwent downregulation of hTERT and albumin
(Alb) unlike HLF. The 520d-HLF cell underwent upregula-
tion of Oct4 and p53. There was no significant difference in
terms of a cancer stem cell marker (PROM1: CD133) among
the HLF, an hiPSC, the 520d-HLF cell (FIG. 12B). CD44
expression was significantly decreased (P<0.01) (data is not
shown). Additionally, pluripotency in an Huh7 cell (well-
differentiated hepatoma cell line) induced by mir-520d was
examined, indicating that Oct4 and NANOG expression in
the small round cell population was higher than that induced
by the mock vector. Addition of 2 uM of purmorphamine
induced the 520d-HLF cell to become an osteoblast in which
ALP, SPP1, and IBSP were upregulated.

FIG. 13 is a graph based on which reprogramming of the
HLF cell was evaluated. The expression levels of AID and
DNMT1 were similar to these in the 293FT cell; except for
this, the 293FT underwent significantly enhanced expression
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of HDAC, Sin3A, and MBD3 unlike the HLF where the
expression of these significantly decreased.

(6-12-3) In Vivo Test Adopting Infection of HLF Cell
with has-Mir-520d Virus

An HLF cell was infected with a lentivirus has-mir-520d
expression vector or a mock vector, and the cell (5x107 cells)
was then injected into an immunodeficient mouse (KSN/Slc)
in the intraperitoneal space. Seventy-five percent of the mice
in the group injected with an HLF cell expressing has-mir-
520d developed a tumor in the peritoneum or along where
the needle was inserted (FIG. 14A). On the other hand,
100% of the mice in the mock group developed white
nodules (histologically proven to be an undifferentiated
hepatoma cell by HE staining (x40)) in the peritoneum or the
liver (FIG. 14B). 12.5% (%) of the 520d-HLF cells in the
mice was converted into normal liver tissue (having hepatic
cords, the central vein, and the bile duct (right figure; white
arrows) and including adenomatous hyperplasia at some
parts (FIG. 14D) (second from the right)) (FIG. 14C, bot-
tom: HE-stained tissue preparation). 37.5% (34) of the HLF
cells was transformed into dermoid cyst including an epi-
dermis, and into teratoma including sudoriferous glands (left
figure; white arrows) (FIG. 14A, FIG. 14D, and the top in
FIG. 14C; HE-stained tissue preparation) and sebaceous
glands (second from the left; white arrows). The teratoma
and the liver tissue thus developed expressed a GFP protein
(FIG. 14E) (left: HE, right: GFP). Immunohistochemical
staining confirmed that almost all the hepatocytes in the liver
tissue strongly expressed human albumin. Expression of a
glial fibrillary acidic protein (GFAP) and an alpha-fetopro-
tein (AFP), which are hepatic stellate cell (HSC)/myofibro-
blast (MF) markers, was weak. Thus, it is suggested that the
520d-HLF cell differentiated into immature liver tissue
within a month. Fifty percent (%2) of the mice formed no
tumor nor particular tissue.

(6-12-4) Differentiation of HLF Cell Infected with has-
Mir-520d Virus

Immunohistochemical analysis confirmed the presence of
liver tissue components such as hepatocytes, the bile duct,
veins, and astrocytes using a marker for undifferentiated
liver tissue (FIG. 15). Induction of osteoblastic differentia-
tion generated an osteopontin/sialoprotein-positive osteo-
blast, indicating that transformation into a mesenchymal
stem cell (MSC) capable of differentiating into endoderm,
mesoderm, and ectoderm was achieved (FIG. 16).

(6-12-5) Evaluation of Various Malignant Tumor Cells
Infected with has-Mir-520d Virus

FIG. 17 shows the results of evaluating the well-differ-
entiated hepatoma (Huh7) cell. The hepatoma cell was
transformed to be strongly positive to a pluripotency marker,
to the same extent regardless of the extent of differentiation.
FIG. 18 shows the results of evaluating a glioblastoma
multiforme (T98G) cell. Induction of stemness was also
observed in the undifferentiated brain tumor, which was
successfully engrafted in vivo into normal tissue without
developing a tumor. FIG. 19 shows the results of evaluating
a pancreatic cancer (PK-9) cell. Induction of stemness was
also observed in the pancreatic cancer. FIG. 20 shows the
results of evaluating a fibrosarcoma (HT1080) cell. Induc-
tion of stemness was also observed in the sarcoma cell
(HT1080), which is a non-epithelial malignant tumor, which
differentiated into a fat cell.

Example 7

Experimental Method and Result for Hsa-Mir-192
siRNA, Etc

(7-1) Cell

HMV-I (human malignant melanoma)
T98G (human glioblastoma)

HT1080 (human fibrosarcoma)

Pk-45 (human liver cancer)
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(7-2) miRNA Examined
TABLE 5
miRNA name Mature sequence SEQ ID NO:
hsa-mir-192 CUGACCUAUGAAUUGACAGCC 60
hsa-mir-196a-1 UAGGUAGUUUCAUGUUGUUGGG 61
hsa-mir-423-3p AGCUCGGUCUGAGGCCCCUCAGU 62
has-mir-222 AGCUACAUCUGGCUACUGGGUC 63

uc

(7-3) shRNA

Vectors encoding shRNAs (hsa-mir-192 shRNA, hsa-mir-
196a-1 shRNA, hsa-mir-423-3p shRNA, and has-mir-222
shRNA) corresponding to the miRNAs in Table 5 were

10

15

44

purchased from GenScript corp. (NJ, USA). Each of the
vectors is pRNATiIn-H1.4/Lenti (GenScript, corp.) into
which the base sequence encoding each shRNA is incorpo-
rated (hereinafter, sometimes called “siRNA-producing
virus”), and after introduced into a cell, is capable of
expressing the shRNA to produce an siRNA.

(7-4) siRNA

siRNAs (hsa-mir-192 siRNA, hsa-mir-196a-1 siRNA,
hsa-mir-423-3p siRNA, and has-mir-222 siRNA) corre-
sponding to the miRNAs in Table 5 were obtained by a
Stealth RNAi designer (Invitrogen L[td.). The sequences
thereof are shown in Table 6. Experiments were performed
in the following manner: the siRNAs were examined to
confirm their effects such as a cell proliferation-suppressive
effect, and then the shRNAs in (7-3) were also examined for
their effects such as a cell proliferation-suppressive effect.

TABLE 6
siRNA name Sequence SEQ ID NO:
hsa-mir-192-siRNA Sense CTGACCTATGAATTGACAGCCTTTTCCTGTCTC 56
Antisense GGCTGTCAATTCATAGGTCAGCCTGTCTC 52
hsa-mir-196a-1 siRNA Sense TAGGTAGTTTCATGTTGTTGGTTTTCCTGTCTC 57
Antisense CCAACAACATGAAACTACCTACCTGTCTC 53
hsa-mir-423-3p siRNA Sense AGCTCGGTCTGAGGCCCCTCAGTTTTCCTGTCTC 58
Antisense CTGAGGGGCCTCAGACCGAGCTCCTGTCTC 54
hsa-mir-222 siRNA Sense AGCTACATCTGGCTACTGGGTCTCTTTTCCTGTCTC 59
Antisense GAGACCCAGTAGCCAGATGTAGCTCCTGTCTC 55

45

Table 7 shows portions of the sequences of the antisense
strands of hsa-mir-192 siRNA, hsa-mir-196a-1 siRNA, hsa-
mir-423-3p siRNA, and has-mir-222 siRNA (hsa-mir-192
siRNA, for example) that were complementary to the
sequences of the miRNAs in Table 5. These complementary
portions are assumed to be particularly important in the
RNAIi effect or the miRNA action. The sequences of the
sense strands complementary to these portions are also
shown.

TABLE 7
siRNA name Sequence (portion) SEQ ID NO:
hsa-mir-192 siRNA Sense CTGACCTATGAATTGACAGCC 48
Antisense GGCTGTCAATTCATAGGTCAG 44
hsa-mir-196a-1 giRNA Sense TAGGTAGTTTCATGTTGTTGG 49
Antisense CCAACAACATGAAACTACCTA 45
hsa-mir-423-3p siRNA Sense AGCTCGGTCTGAGGCCCCTCAG 50
Antisense CTGAGGGGCCTCAGACCGAGCT 46
has-mir-222 siRNA Sense AGCTACATCTGGCTACTGGGTCTC 51
Antisense GAGACCCAGTAGCCAGATGTAGCT 47
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(7-5) Lentivirus Infection of Cell

Cell infection was performed as follows: a 293FT cell or
a 293H cell was transfected with a lentiviral vector (pRNA-
Tin-H1.4/Lenti), the supernatant was recovered, centrifuga-
tion was performed in an ultracentrifuge in a genetic
research laboratory at 27,000 rpm for 2 hours to recover the
virus, the pellet was dissolved in PBS, a titer was deter-
mined, and the resultant was stored at —80 degrees. The cell
was infected with 50 pul of each virus according to the titer.
Co-infection with three siRNAs (has-mir-196a-1 siRNA/
has-mir-423-3p siRNA/has-mir-222 siRNA) or co-infection
with four siRNAs (hsa-mir-192 siRNA/has-mir-196a-1
siRNA/has-mir-423-3p siRNA/has-mir-222 siRNA) was
performed adopting the titer with which a particle of one of
the viruses works effectively.

(7-6) RNA Extraction

An miRNA and total RNA were extracted using an
mirVana™ miRNA Isolation Kit (Ambion, Tex., USA). To
a cell that had been washed, a Trizol Reagent (Life Tech-
nologies Carlsbad, Calif., USA) was added, and incubation
was performed for 3 minutes, followed by adding thereto
chloroform (NIPPON GENE CO., LTD., Tokyo, Japan) in %5
the amount of the Trizol Reagent. After 15 seconds of
shaking, centrifugation was performed at 14,000 rpm for 15
minutes. Thereto, 100% ethanol in Y10 the amount of the
supernatant was added, and the resultant was inverted sev-
eral times for mixing and was placed in a spin column,
followed by centrifugation at 10,000 g for 15 seconds.
Thereto, 700 pl of miRNA Wash Solution 1 was added for
washing the column, followed by centrifugation at 10,000 g
for 15 seconds. Thereto, 500 ul of Wash Solution 24 was
added, followed by centrifugation in the same manner.
These steps were repeated twice, followed by adding 100 pul
of RNase- and DNase-Free Water that had been heated to 95
degrees and performing centrifugation in the same manner
as above, which were repeated twice. After subsequent
vacuum evaporation for 40 minutes, a 2-0 aliquot of the
resultant was subjected to concentration measurement using
a NanoDrop (Biomedical Science, Tokyo, Japan).

(7-7) Real Time RT-PCR

The expression of the seven genes, RGM249, hTERT,
Sox2, p53, c-Myec, Oct4, and PROM1, was examined using
a Qiagen OneStep RT-PCR Kit (Qiagen, Tokyo, Japan).
GAPDH and p-actin were used as controls. A pluripotency-
associated marker, an undifferentiation marker, a differen-
tiation marker, and a telomerase-related gene were used in
the study.

(7-8) Protein Extraction

After washed with PBS(-) and then treated with trypsin,
a cell was recovered in an Eppendorf tube, and thereto 22 pl
of a Cell Lysis Buffer (SIGMA, Tokyo, Japan) containing a
protease inhibitor, Complete, Mini (Roche Japan, Tokyo,
Japan), was added to obtain a protein extract solution. A 2-ul
aliquot of the resultant was subjected to concentration
measurement using a NanoDrop.

(7-9) Western Blot Analysis

A semi-dry gel after electrophoresis was transcribed to a
membrane using an iBlot™ dry blotting system (Invitrogen,
Tokyo, Japan). The followings were then performed using a
WesternBreeze® immunodetection kit (Invitrogen, Tokyo,
Japan): blocking for 30 minutes, rinsing for 5 minutesx2, a
primary antibody for 60 minutes, washing for 5 minutesx4,
a secondary antibody for 30 minutes, washing for 5 min-
utesx4, and rinsing for 2 minutesx2. To the membrane, 2.5
ml of a chemiluminescent agent was added, and 5 minutes
later, detection was performed using an [Las-1000plus (FUJI-
FILM, Kanagawa, Japan) in a genetic research laboratory.
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(7-10) Cell Cycle Analysis

Washing of 1x10° cells was performed, followed by
trypsin treatment and recovery in a 15-m1 tube. Thereto, 5
ml of 95% ethanol was added, followed by fixation over-
night. On the next day, 1 ml of 1-ug/ml RNase was added
thereto, and the resultant was incubated at 37 degrees for 1
hour. Thereto, 5 ul of PI was added, followed by analysis at
4 degrees for 30 minutes or longer shielded from light using
an EPICS ALTRA (Beckman coulter, Tokyo Japan) in a
genetic research laboratory.

(7-11) MTT Assay

After washed with PBS(-) and then treated with trypsin,
1x10° cells in 100 pul were seeded in a 96 well plate. Cell
proliferation was examined using a CellTiter96® Non-
Radioactive Cell Proliferation Assay kit from Promega
Corporation.

(7-12) Colony Formation Assay

The anchorage dependence and tumorigenicity of the
transformed cell was examined using soft ager. In a 60-mm
dish, 2 to 3 ml of bottom agarose (0.5 to 0.6%) was placed,
and after solidified to some extent, it was overlaid with top
agarose (0.4%). The cell was seeded in the dish and was
cultured for 1 to 2 weeks to be counted.

(7-13) miRNA Quantification

Quantification was performed using an mir-x miRNA
quantitative kit from Takara Corporation (Tokyo, Japan)
according to the protocol.

(7-14) Studies on Capture of Genome by Viral Vector

A multiplicity of infection was evaluated based on the
information on the lentiviral vector. Infection was confirmed
by visualizing GFP expression with a fluorescence micro-
scope, followed by DNA or RNA extraction from some of
the infected cells, PCR amplification, and visualization by
electrophoresis to evaluate neomycin introduction and
miRNA introduction. The site within the genome where the
capture occurred was not identified.

(7-15) Experimental Results

(7-15-1) MTT Assay of HMV-1 Infected with siRNA-
Producing Lentivirus

The MTT assay of the HMV-1 infected with each siRNA-
producing virus was conducted over 3 days (FIG. 21). The
cell co-infected with three siRNAs (has-mir-196a-1 siRNA/
has-mir-423-3p siRNA/has-mir-222 siRNA) and the one
co-infected with four siRNAs (hsa-mir-192 siRNA/has-mir-
196a-1 siRNA/has-mir-423-3p siRNA/has-mir-222 siRNA)
were confirmed to have undergone significant proliferation
suppression. A statistically significant difference was indi-
cated with * (p<0.05) (Mann-Whitney test).

(7-15-2) Fluorescence Microscope Photograph and Pro-
liferation Curve of HMV-1 Two Weeks after Infection with
siRNA-Producing Lentivirus

Introduction by infection with each siRNA-producing
virus inhibited miRNA expression. The time course of cell
proliferation suppression is also shown (FIG. 22). The top
panels in the Figure are the fluorescence microscope pho-
tographs of GFP detection in the mock and the hsa-mir-
196a-1/hsa-mir-428-3p/hsa-mir-222 after a lapse of 1 week,
while the bottom panel in the Figure shows proliferation
curves for the HMV-1s infected with the viruses. Unlike
with the control, the mock, hsa-mir-192, hsa-mir-196a-1
siRNA, and hsa-mir-222 siRNA, co-infection with three
siRNAs (has-mir-196a-1 siRNA/has-mir-423-3p siRNA/
has-mir-222 siRNA) and co-infection with four siRNAs
(hsa-mir-192 siRNA/has-mir-196a-1 siRNA/has-mir-423-
3p siRNA/has-mir-222 siRNA) showed remarkable prolif-
eration suppression, and the infected cells underwent apop-
tosis within 3 weeks.
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(7-15-3) Colony Formation Assay on HMV-1 Infected
with siRNA-Producing Lentivirus

On the HMV-1 that was infected with the viral vector for
producing an siRNA corresponding to each miRNA and
therefore the siRNA was introduced therein, a colony for-
mation assay was performed using soft ager to evaluate the
tumorigenicity (FIG. 23). Many colonies were formed in a
control, while by introduction of hsa-mir-192 alone and
co-expression of four miRNAs (has-mir-192/-196a-1/-423-
3p/-222), colony-forming ability was remarkably sup-
pressed. With the siRNA corresponding to hsa-mir-192,
colony formation was observed, but proliferation stopped
part way through and the cell became fragmented, leading to
apoptosis. No colony was formed when co-infected with
four (has-mir-192/-196a-1/-423-3p/-222).

Various materials and procedures in the above examples
were as follows unless otherwise indicated.

Synthesis of Antagomir

Designing and synthesis of the antagomirs (small RNAs
targeting an miRNA) were commissioned to Invitrogen Ltd.
(Stealth RNAi designer (https:/rnaidesigner.invitrogen-
.com/rnaiexpress/)) and GenScript Corporation (pRNATin-
H1.4/Lenti, pPRNAT-T6.1/neo). The shRNA-generating vec-
tors were constructed using a BLOCK-it Inducible H1 RNAi
Entry Vector (Invitrogen, Calif.,, USA) according to the
protocol.

Cell Line

The HLF cell line and the HMV-I cell line were purchased
from American Type Culture Collection and Tohoku Uni-
versity, respectively, and were cultured in an RPMI medium
supplemented with 10% FBS and 1% penicillin/streptomy-
cin. Treatment with the antagomir was performed by incu-
bation of the HMV-1 cell with 50 nM of antagomir.

RNAi

The HLF cells or the HMV-I cells were transfected with
50 nM of an siRNA, a control oligonucleotide, or an empty
vector using an FuGene HD transfection Reagent (Roche
Diagnostic GmbH). Dicer (Dicer enzyme) was purchased
from Genlantis and was used according to the protocol. The
three miRNAs were obtained by digestion with Dicer and
then cloning using an miRCAT-microRNA cloning kit (Inte-
grated DNA Technologies). As for the immunodeficient
mice, CAnN Cg-Foxnl BALB/c-nu was purchased from
Charles river and KSN/Slc was purchased from SHIMIZU
Laboratory Supplies Co., Ltd.

RNA Isolation and miRNA Quantification

Total RNA and the small RNA fractions were extracted
from a cultured cell or homogenized mouse tissue by an
mirVana miRNA Isolation kit (Ambion). Quantification of
maturity of the miRNAs was performed by an Mir-X™
miRNA gRT-PCR SYBR® Kit (Takara Bio Company)
according to the written instructions. U6 small nuclear RNA
was used as an internal control.

Real-Time PCR for mRNA

The total RNA was subjected to reverse transcription and
amplification using a OneStep RT-PCR kit (Qiagen). PCR
and data collection and analysis were performed using a
LineGene (TOYOBO). Expression levels in the samples
were determined using a calibration-curve method (the 274
method). All the data (except for the ones for hTERT and
RGM249) was standardized relative to [3-actin as an internal
control. Estimation for h\TERT and RGM249 was performed
based on the copy numbers by a quantitative method pre-
viously developed by the inventors of the present invention.
The evaluation was performed using 50 ng/ul of mRNAs
and 100 ng/pl of small RNAs.
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Immunoblotting

Western blotting analysis was performed using an i-Blot
gel transfer system (Invitrogen [.td.). The antibody for the
respective biomarker gene of interest was used by adopting
the dilution rate instructed by the manufacturer. The evalu-
ation was performed using 20 pg of the cell extract.

Experiments on Tumorigenesis and Metastasis

Animal experiments were performed in compliance with
the protocol approved by the Tottori University committee
on Animal Care. Tumor cell inoculation, autopsies, and
histological analysis were performed as described in the
section on experimental methods. Seven days after inocu-
lation, treatment with a short silent oligonucleotide was
performed; each siRNA or shRNA (100 uM) to a mouse in
the caudal vein or subcutaneously in the right flank once a
week for 4 to 5 weeks. The tumor was enucleated and was
weighed. The tumor volume and pulmonary, hepatic, intra-
peritoneal, and postperitoneal metastasis of cancer were
examined or measured with a dissecting microscope
equipped with a bright-field imaging function or by the
naked eye. The tissue sample was fixed in a 10% buffered
formalin solution overnight, was washed with PBS, and was
transferred into 70% ethanol. The resultant was then embed-
ded in paraffin and was sliced, followed by hematoxylin and
eosin staining. For evaluating the effect of the antagomir in
a late stage of metastasis, a tumor cell was transplanted to an
athymic mouse in the caudal vein or subcutaneously. Then,
7 days after tumor cell transplant, treatment with the antago-
mir was started with the same dose and frequency as in the
experiment for sympatry. The mouse became dying after 30
days due to systemic metastasis by intravenous administra-
tion or due to liver metastasis or peritoneal metastasis by
subcutaneous inoculation, and was euthanized.

Toxicity Evaluation

Athymic mice were divided into groups of five and
received six doses of intravenous administration of PBS+
DDS or 50 uM of the antagomir once a week for 4 to 5
weeks. They were weighed once in 2 weeks. The mice were
euthanized 6 days after the last administration for recovering
the tissue. A certain amount of the whole blood was col-
lected in an EDTA-treated tube, which was centrifuged to
remove blood cells, thereby obtaining plasma. The samples
were analyzed by a Bioanalyzer manufactured by Olympus
Corporation to measure the biochemical values of the blood.
Fragments of the lung or the liver were examined for any
possible pathological states.

Induction into Human Normal Cell

Transfection of the siRNAs corresponding to miRNA-47,
-101, and -197 induced a 293FT cell to a human normal cell.
Change in the expression of related genes was evaluated by
RT-PCR and Western blotting.

Immunohistochemical Test

Immunohistochemical examination was performed using
an undifferentiation marker (anti-Oct-4 antibody) and
Embryonic Stem Cell Marker Antibody Panel according to
the manual from the manufacturer (R&D Systems, Minne-
apolis, U.S.A.). The cell was transfected or infected with the
siRNA corresponding to miRNA-197. A floating transfectant
was recovered to be transferred to another culture plate for
microscopic observation or to a slide chamber for immu-
nostaining.

hiPSC (Human-Induced Pluripotent Stem Cell)

An hiPSC(HPS0002 253G1), which is a human induced
pluripotent stem cell, was provided by Riken Bioresource
Center Cell Bank (‘Generation of induced pluripotent stem
cells without Myc from mouse and human fibroblasts.’
Nakagawa M et al., Nat Biotechnol 26, 101-106 (2008)).
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Culture Condition

The pluripotent stem cell produced by introduction of
miR-197 siRNA or hsa-mir-520d was successtully cultured
in a culture medium for ES cells and was also adequately
cultured in one or more media selected from the group
consisting of F-12 HAM [DMEM (15-mM HEPES+1-mM
Sodium Pyruvate+pyridoxine+NaHCO3+5-mM L-gluta-
mine)], RPMI-1640+L-glutamine, DMEM+high glucose+
L-glutamine+0.1-mM NEAA, and REPROSTEM (REPRO-
Cell Incorporated); bFGF 3-10 ng/ml under the conditions of
37° C., 5% CO,, and 10% FBS.

Flow Cytometry

Flow cytometry was performed on the 293FT cell that was
transfected with the siRNA corresponding to miRNA-197
against a cell that was separated and removed by trypsin.
The single-cell suspension was washed once with cold PBS.
The tube was then gently shaken to loosen the cell pellet, and
thereto cold 70% EtOH in ddH20 was added dropwise for
fixation. The cell was incubated at —20° C. for at least
overnight. After fixation, the cell was washed twice with
cold PBS to remove EtOH. Subsequently, the cell was
resuspended in PBS containing 100 U/ml RNAaseA so as to
achieve 1x10° cells/ml and was incubated at 37° C. for 50
minutes. Thereto, 50 ug/ml of propidium iodide was directly
added, followed by incubation on ice for 40 minutes
shielded from light. The DNA content was evaluated using
a flow cytometer (EPICS ALTRA; Beckman Coulter Cor-
poration). Expression in the reprogrammed cell was exam-
ined by evaluating the iPS cell using a flow cytometer on
which EXPO32 ADC analysis software was mounted with
about 20000 events after transfection with siRNA-197.
Twenty-four hours after the completion of viral transduc-
tion, purification of a GFP-expressing cell or a PE-positive
cell by flow cytometry was performed by resuspending the
293FT cell or the HLF cell (cultured for 2 weeks while
maintaining the undifferentiated state) in a phosphate buffer
solution (PBS) supplemented with 5% FCS. After stained
with a PE-conjugated anti-alkaline phosphatase (ALP) anti-
body, the GFP-positive cell or the PE-positive cell was
fractionated and analyzed using an Moflo XDP (Beckman
Coulter Corporation, California, U.S.A.). Analysis in terms
of forward scatter, side scatter, and PE and GFP fluorescence
was performed on 1x108 cells using an argon laser (488 nm,
100 mW). As the detector, FL.1 was used for GFP and FL.2
was used for PE.

Method for Intracranial Injection

An immunodeficient mouse was anesthetized with
sodium pentobarbital (50 mg/kg, intraperitoneal injection)
and was placed in a stereotaxic apparatus. During surgery,
the body temperature of the animal was maintained at 37° C.
using a heating pad. The cranium was exposed, and a small
craniotomy was created in the left corpus striatum. Cell
transplant was performed using a 30-G needle connected to
a 10-0 Hamilton syringe via a polyethylene tube. The needle
was stereotaxically inserted into the left corpus striatum (A
(anterior) 0.5 mm, L. (lateral) 2.0 mm, and D (depth) 2.5 mm
from bregma) for pressure injection of 5 ul of the cell
suspension (10% cells/ul). After injection, the needle was
slowly pulled out, followed by coating the hole in the
cranium with dental cement. The incision was sutured with
6-0 Prolene. After recovery from surgery, the animal was
returned to the cage.

<Discussion on Results>

The results above will be discussed. From the examples,
RGM249 shRNA is shown to be effective in suppressing
malignant tumor proliferation, suppressing malignant tumor
metastasis, suppressing an RGM249 mRNA amount within
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a cell, or suppressing an h'TERT mRNA amount within a
cell. The three siRNAs are shown to be effective in sup-
pressing malignant tumor proliferation, suppressing malig-
nant tumor metastasis, suppressing the amounts of the three
miRNAs within a cell, upregulating an undifferentiation
marker, upregulating p53, or reprogramming a normal cell
or a malignant tumor cell. hsa-mir-520d is shown to be
effective in upregulating an undifferentiation marker,
upregulating p53, reprogramming a normal cell or a malig-
nant tumor cell, suppressing malignant tumor proliferation,
or the like. hsa-mir-192 siRNA and the like were observed
to have similar effects. One of the causes for malignant
tumor suppression observed in the mice is presumably
reprogramming of a malignant tumor cell. Not only the
undifferentiated hepatoma cell but also the well-differenti-
ated one became an Oct4-positive and NANOG-positive
cell; conversion into a stem cell occurred regardless of the
extent of differentiation. RGM249 shRNA and the three
siRNAs share the function to shut down a cascade starting
from RGM249 mRNA, and therefore the function is pre-
sumably involved in malignant tumor suppression, malig-
nant tumor cell reprogramming, and similar effects. On these
occasions, hsa-mir-520d is assumed to be upregulated. Thus,
any of RGM249 shRNA, the three siRNAs, hsa-mir-520d,
hsa-mir-192 siRNA, and the like are expected to be suitably
used in treatment of a malignant tumor.

These small RNAs are also expected to be suitably used
as an agent for inducing a cell to become a pluripotent stem
cell in vivo and in vitro or as a reagent for producing a
pluripotent stem cell. These small RNAs are expected to
have superior properties to those of conventional com-
pounds that have been researched for pluripotent stem cell
production, particularly in terms of not requiring use of
cancer genes, of being capable of reprogramming a malig-
nant tumor cell, of being capable of reprogramming by
itself, of upregulating p53, or of not requiring a feeder cell
in culture.

In particular, reprogramming of a malignant tumor cell is
a field where little research results have been obtained
worldwide and therefore has the potential to become a novel
treatment of a malignant tumor. As for p53, knockout and
knockdown thereof has been reported to increase the effi-
ciency of iPS cell production (Zhao et al., Cell Stem Cell.
2008 Nov. 6; 3(5):475-9., Hong et al., Nature. 2009 Aug. 27;
460(7259):1132-5. Epub 2009 Aug. 9), and therefore it was
unexpected to find a pluripotent stem cell obtained using the
small RNAs underwent p53 upregulation. The pluripotent
stem cell expressed p53 and therefore is presumably less
prone to become cancerous.

The cells introduced with the small RNAs developed a
tumor when the undifferentiated state was maintained after
introduction, while they were less likely to develop a tumor
in vivo. Therefore, it is preferable to perform the treatment
within 1 week after small RNA introduction into a cell.

RGM249 shRNA, the three siRNAs, and hsa-mir-520d
are composed of a hairpin-like single strand, a double strand,
and a single strand having a pre-miRNA-like structure,
respectively. This suggests that the function of the siRNA or
the miRNA is not always tied to its specific secondary
structure and is rather exhibited with a certain range of its
secondary structure.

From the examples, the three siRNAs, hsa-mir-520d,
hsa-mir-192 siRNA, or the like is assumed to silence its
target RNA strand by the RNAi effect or the miRNA action.
Even though there may be another mechanism involved, it
is obvious that one of the sense strands (SEQ ID NO:4, SEQ
ID NO:5, and SEQ ID NO:6) and the antisense strands (SEQ
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ID NO:1, SEQ ID NO:2, and SEQ ID NO:3) of the three
siRNAs, hsa-mir-520d (SEQ ID NO:43), hsa-mir-192
siRNA, and the like (SEQ ID NO:44, for example) is also
effective in a similar manner. The same applies to a reaction
with a target RNA strand that is not described herein.

52

The present invention has been described by examples.
These examples are, however, merely exemplification, and
those skilled in the art understand that various modifications
can be made and these modifications are also within the
scope of the present invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 64

<210> SEQ ID NO 1

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Antisense strand of miR-47 siRNA

<400> SEQUENCE: 1

aaucaaacuc ucaccgggug ag

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

22

<223> OTHER INFORMATION: Antisense strand of miR-101 siRNA

<400> SEQUENCE: 2

cacauggcuu uggucauguu

<210> SEQ ID NO 3

<211> LENGTH: 18

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: Antisense strand of miR-197 siRNA

<400> SEQUENCE: 3

cacauccucyg ugaaguac

<210> SEQ ID NO 4

<211> LENGTH: 23

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of miR-47 siRNA

<400> SEQUENCE: 4

cucacccggu gaugagaguu uga

<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

18

23

<223> OTHER INFORMATION: A part of sensestrand of miR-101 siRNA

<400> SEQUENCE: 5

aacaugacca aagcccaugu g

<210> SEQ ID NO 6

<211> LENGTH: 18

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

21

<223> OTHER INFORMATION: A part of sensestrand of miR-197 siRNA

<400> SEQUENCE: 6
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-continued
guacuucacg aggaugug 18
<210> SEQ ID NO 7
<211> LENGTH: 249
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
ggaaaacuaa aaugagagaa ugggugucca agaggacaag uucaugcuca cccggugaug 60
agaguuugau ugcagaauaa ggcuagacaa agggaagcug aacaugacca aagccaugug 120
acaucguaug auccucgaau cucacaguau cuauguaucu auaaucagau acaucccuag 180
acuuuccagg aauucuggua cuucacgagg augugagaag acucugaaca aaauaauaca 240
cugcucgug 249

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of RGM249 shRNA

<400> SEQUENCE: 8

cuuugucuag ccuuauucug ¢ 21

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of RGM249 shRNA

<400> SEQUENCE: 9

gcagaauaag gcuagacaaa g 21

<210> SEQ ID NO 10

<211> LENGTH: 50

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: RGM249 shRNA

<400> SEQUENCE: 10

gcagaauaag gcuagacaaa guucgcuuug ucuagccuua uucugceggug 50

<210> SEQ ID NO 11

<211> LENGTH: 50

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of topstrand of RGM249 shRNA plasmid

<400> SEQUENCE: 11

caccgcagaa uaaggcuaga caaagcgaac uuugucuagce cuuauucugce 50
<210> SEQ ID NO 12

<211> LENGTH: 50

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of bottomstrand of RGM249 shRNA plasmid

<400> SEQUENCE: 12

aaaagcagaa uaaggcuaga caaaguucgc uuugucuage cuuauucugce 50
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<210> SEQ ID NO 13

<211> LENGTH: 49

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: A part of topstrand of RGM249m-1 shRNA plasmid

<400> SEQUENCE: 13

caccgcagaa uaaggcuaga caaagcgaac uuugucagec uuauucuge

<210> SEQ ID NO 14

<211> LENGTH: 49

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: A part of bottomstrand of RGM249m-1 shRNA

plasmid
<400> SEQUENCE: 14

aaaagcagaa uaaggcugac aaaguucgcu uugucuagec uuauucuge

<210> SEQ ID NO 15

<211> LENGTH: 49

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: RGM249m-1 shRNA

<400> SEQUENCE: 15
gcagaauaag gcugacaaag uucgcuuugu cuagccuuau ucugcggug
<210> SEQ ID NO 16

<211> LENGTH: 25

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
cucacccggu gaugagaguu ugauu
<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 17
aacaugacca aagccaugug

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

guacuucacg aggaugug

<210> SEQ ID NO 19

<211> LENGTH: 23

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of miR-101 siRNA

<400> SEQUENCE: 19

aacaugacca aagcccaugu guu

49

49

49

25

20

18

23
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<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of miR-197 siRNA

<400> SEQUENCE: 20

guacuucacg aggauguguu 20

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

cggaaagaga aagcgaacca 20

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22

cggaccacat ccttctceccag 20

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23

cagaaggcct cagcacctac 20

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

actggatgtt ctgggtctgg 20

<210> SEQ ID NO 25

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 25

caagatgcac aactcggaga 20

<210> SEQ ID NO 26

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 26

cggggceceggt atttataatce

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 27

aaactgaccce tcctecaggt

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 28

tgctttgete caggaacttt

<210> SEQ ID NO 29

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 29

gtgcaccaac atctacaaga tcc

<210> SEQ ID NO 30

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 30

gttcttecaa acttgetgat g

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

gccagaggag gaacgagcta

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32

tggacggaca ggatgtatge

20

20

20

23

21

20

20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 33

gettegagat gttccgagag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 34

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 34

ttatggcggyg aggtagactg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 35

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 35

tggcaacgta gtgactcagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 36

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 36

acaggaaggyg agggagtcat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 37

aaggtggagc aaacacaacc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 38

getttttett ctgcccacac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

20

20

20

20

20

20
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<400>

SEQUENCE: 39

tggtacttca cgaggatgtg a 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 40

cctgectect gagtettetg 20

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 41

LENGTH: 23

TYPE: RNA

ORGANISM: Homo sapiens

SEQUENCE: 41

ucuacaaagg gaagcccuuu cug 23

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 42

LENGTH: 22

TYPE: RNA

ORGANISM: Homo sapiens

SEQUENCE: 42

aaagugcuuc ucuuuggugg gu 22

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 43

LENGTH: 87

TYPE: RNA

ORGANISM: Homo sapiens

SEQUENCE: 43

ucucaagcug ugagucuaca aagggaagcc cuuucuguug ucuaaaagaa aagaaagugc 60

uucucuuugg uggguuacgg uuugaga 87

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 21

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A part of antisense strand of hsa-mir-192 siRNA

SEQUENCE: 44

ggcugucaau ucauagguca g 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 21

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: A part of antisense strand of hsa-mir-196a-1
siRNA

SEQUENCE: 45

ccaacaacau gaaacuaccu a 21

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 46

LENGTH: 22

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:
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<223> OTHER INFORMATION: A part of antisense strand of hsa-mir-423-3p
siRNA

<400> SEQUENCE: 46

cugaggggcce ucagaccgag cu 22

<210> SEQ ID NO 47

<211> LENGTH: 24

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of antisense strand of has-mir-222 siRNA

<400> SEQUENCE: 47

gagacccagu agccagaugu agcu 24

<210> SEQ ID NO 48

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of sense strand of hsa-mir-192 giRNA

<400> SEQUENCE: 48

cugaccuaug aauugacagc ¢ 21

<210> SEQ ID NO 49

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of sense strand of hsa-mir-196a-1 siRNA

<400> SEQUENCE: 49

uagguaguuu cauguuguug g 21

<210> SEQ ID NO 50

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of sense strand of hsa-mir-423-3p siRNA

<400> SEQUENCE: 50

agcucggucu gaggccccuc ag 22

<210> SEQ ID NO 51

<211> LENGTH: 24

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A part of sense strand of has-mir-222 giRNA

<400> SEQUENCE: 51

agcuacaucu ggcuacuggg ucuc 24

<210> SEQ ID NO 52

<211> LENGTH: 29

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense strand of hsa-mir-192 siRNA

<400> SEQUENCE: 52

ggcugucaau ucauagguca gccugucuc 29
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<210> SEQ ID NO 53

<211> LENGTH: 29

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense strand of hsa-mir-196a-1 siRNA

<400> SEQUENCE: 53

ccaacaacau gaaacuaccu accugucuc 29

<210> SEQ ID NO 54

<211> LENGTH: 30

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense strand of hsa-mir-423-3p siRNA

<400> SEQUENCE: 54

cugaggggece ucagaccgag cuccugucuc 30

<210> SEQ ID NO 55

<211> LENGTH: 32

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense strand of has-mir-222 siRNA

<400> SEQUENCE: 55

gagacccagu agccagaugu agcuccuguc uc 32

<210> SEQ ID NO 56

<211> LENGTH: 33

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of hsa-mir-192 siRNA

<400> SEQUENCE: 56

cugaccuaug aauugacage cuuuuccugu cuc 33

<210> SEQ ID NO 57

<211> LENGTH: 33

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of hsa-mir-196a-1 siRNA

<400> SEQUENCE: 57

uagguaguuu cauguuguug guuuuccugu cuc 33

<210> SEQ ID NO 58

<211> LENGTH: 34

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of hsa-mir-423-3p siRNA

<400> SEQUENCE: 58

agcucggucu gaggccccuc aguuuuccug ucuc 34

<210> SEQ ID NO 59

<211> LENGTH: 36

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sense strand of has-mir-222 siRNA
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<400> SEQUENCE: 59
agcuacaucu ggcuacuggg ucucuuuuce ugucuc
<210> SEQ ID NO 60

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 60
cugaccuaug aauugacagce ¢
<210> SEQ ID NO 61

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 61
uagguaguuu cauguuguug gg
<210> SEQ ID NO 62

<211> LENGTH: 23

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 62
agcucggucu gaggccocuc agu
<210> SEQ ID NO 63

<211> LENGTH: 24

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 63
agcuacaucu ggcuacuggg ucuc
<210> SEQ ID NO 64

<211> LENGTH: 25

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 64

cuuugucuag ccuuauucug caaaa

36

21

22

23

24

25

The invention claimed is:

1. A method of treating a malignant tumor comprising
administering to a subject a therapeutic agent comprising at
least one of a polynucleotide or vector selected from a group
consisting of:

(a) a polynucleotide containing the base sequence shown
in SEQ ID NO:1 or a base sequence including deletion,
substitution, or addition of 1 to 3 bases in SEQ ID
NO:1,

(b) a polynucleotide containing the base sequence shown
in SEQ ID NO:2 or a base sequence including deletion,
substitution, or addition of 1 to 3 bases in SEQ ID
NO:2,

(c) a polynucleotide containing the base sequence shown
in SEQ ID NO:3 or a base sequence including deletion,
substitution, or addition of 1 to 3 bases in SEQ ID
NO:3,

(d) a vector containing the base sequence encoding the
polynucleotide of (a),

55

60

65

(e) a vector containing the base sequence encoding the

polynucleotide of (b), and

() a vector containing the base sequence encoding the

polynucleotide of (c).

2. The method of treating a malignant tumor according to
claim 1, wherein the malignant tumor is one or more
malignant tumors selected from a group consisting of liver
cancer, lung cancer, pancreatic cancer, fibrosarcoma,
glioma, and melanoma.

3. The method of treating a malignant tumor according to
claim 1, wherein the polynucleotide has an RNAi effect.

4. The method of treating a malignant tumor according to
claim 1, wherein the polynucleotide is a small RNA.

5. The method of treating a malignant tumor according to
claim 1, wherein the polynucleotide is an RNA strand.

6. The method of treating a malignant tumor according to

claim 1, wherein the polynucleotide contains 15 or more
nucleotides.
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7. The method of treating a malignant tumor according to
claim 6, wherein the polynucleotide consists of 100 or less
nucleotides.

8. The method of treating a malignant tumor according to
claim 1, wherein the polynucleotide is one or more RNA
strands selected from a group consisting of an shRNA, an
siRNA, and an miRNA.

9. The method of treating a malignant tumor according to
claim 8, wherein the shRNA, the siRNA, and the miRNA
contain a 1- to 5-nucleotide overhang.

10. The method of treating a malignant tumor according
to claim 1, wherein the polynucleotide is a single-stranded
or double-stranded polynucleotide.

#* #* #* #* #*
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